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Abstract 
 
Exercise is effective for patients with chronic heart failure (CHF).  Despite this, many patients are 
unable to access traditional exercise-based rehabilitation programs for various reasons, such as 
transport difficulties and program availability.  Telerehabilitation, in which telecommunication 
technologies are used to provide rehabilitation at a distance, is an alternative approach which may 
overcome some of these barriers.   
 
The current literature suggests that telerehabilitation is effective in patients with cardiopulmonary 
diseases.  However the majority of studies focus on phone-based interventions, so there is a need 
for more studies on the use of video-based telerehabilitation programs.  Video-based 
telerehabilitation is a new approach which enables patients to exercise in the comfort of their 
homes, whilst maintaining synchronous audiovisual communication.  This approach enables the 
clinician to watch patients performing the exercises and to provide real-time feedback and 
modification as required, as well as facilitate the development of rapport between the clinician and 
patients, and peer support amongst patients.  Video-based telerehabilitation also presents a potential 
way to conduct remote assessment of functional exercise capacity.   
 
This thesis aimed to explore a new service delivery model for providing heart failure exercise-based 
rehabilitation programs.  The thesis commences with a systematic review of telerehabilitation in 
patients with cardiopulmonary diseases (Study 1, Paper 1).  The next study aimed to determine the 
suitability of the timed up and go test (TUGT) as an outcome measurement in heart failure 
rehabilitation programs (Study 2, Paper 2).  In addition, the validity and reliability of 
telerehabilitation assessments of functional tests including the TUGT were examined in patients 
with CHF (Study 3, Paper 3).  A randomised controlled trial determined the feasibility and 
effectiveness of a home-based heart failure telerehabilitation program compared with a traditional 
centre-based program (Study 4, Paper 4).  A mixed methods study was also conducted to determine 
patient experiences and perspectives related to a heart failure telerehabilitation program (Study 5, 
Paper 5).   
 
Based on the systematic review of 11 studies, telerehabilitation appears to be a promising 
alternative to traditional centre-based programs in patients with cardiopulmonary diseases.  In 
particular, telerehabilitation has been shown to improve exercise capacity and quality of life in these 
patient groups and has higher adherence rates compared with traditional centre-based programs.  
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However, suitable outcome measures that can be administered via telerehabilitation are required.  A 
possible outcome measure is the TUGT, which is a quick and easy-to-administer functional test.  
However prior to using the TUGT as an outcome measure in telerehabilitation studies, it was first 
important to validate its use in both face-to-face and telerehabilitation environments.  The TUGT 
demonstrated excellent test-retest reliability in patients with CHF when the test was assessed face-
to-face and was strongly associated with other functional exercise tests.  The TUGT appears to be a 
reliable tool, and may be appropriate for telerehabilitation assessment. 
 
This thesis contains the first study to investigate the use of telerehabilitation to determine functional 
exercise capacity in patients with CHF.  More specifically, our study confirmed the validity and 
reliability of using telerehabilitation to administer the 6 minute walk test, the TUGT and grip 
strength in this group of patients.   
 
Similarly, a telerehabilitation intervention program appears to be a feasible and effective option for 
people with CHF.  The telerehabilitation program designed for the randomised controlled trial in 
this thesis consisted of a 12-week group-based exercise and education intervention.  The program 
was delivered into the patient’s home twice-weekly, using an online videoconferencing platform.  
The telerehabilitation program was found to not be inferior to a traditional centre-based program in 
patients with CHF, on the primary outcome measure of the change in 6 minute walk distance from 
baseline to post-program.  There were also no differences between the two intervention groups in 
other functional capacity measures, muscle strength, quality of life, urinary incontinence, patient 
satisfaction or adverse events.  The telerehabilitation group had higher attendance rates compared 
with the control group, with a mean difference (95% confidence intervals) of 6 (2 to 9) sessions. 
 
Participants in the heart failure telerehabilitation program reported high visual clarity and ease of 
monitoring equipment use, but provided suggestions for further improvements.  Participants liked 
their improved health outcomes, easy access to care with reduced transportation requirements and 
increased social support.  Information on patient experiences and perspectives related to 
telerehabilitation can help to facilitate future uptake and success of this delivery approach. 
 
In summary, this thesis provides new information on an alternative model for delivering heart 
failure rehabilitation programs.  Telerehabilitation may complement or replace some traditional 
face-to-face approaches for patients with CHF such as outpatient clinics, especially when access to 
specialised health services is limited or difficult.  This innovative and novel approach has the 
potential to widen access, alleviate transport barriers, promote adherence and offer patients an 
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opportunity to exercise in their home environment.  Outcomes from this research may drive service 
delivery change, with the broad effect of optimising outcomes for patients with CHF.   
 v 
Declaration by author 
 
This thesis is composed of my original work, and contains no material previously published or 
written by another person except where due reference has been made in the text.  I have clearly 
stated the contribution by others to jointly-authored works that I have included in my thesis. 
 
I have clearly stated the contribution of others to my thesis as a whole, including statistical 
assistance, survey design, data analysis, significant technical procedures, professional editorial 
advice, and any other original research work used or reported in my thesis.  The content of my 
thesis is the result of work I have carried out since the commencement of my research higher degree 
candidature and does not include a substantial part of work that has been submitted to qualify for 
the award of any other degree or diploma in any university or other tertiary institution.  I have 
clearly stated which parts of my thesis, if any, have been submitted to qualify for another award. 
 
I acknowledge that an electronic copy of my thesis must be lodged with the University Library and, 
subject to the policy and procedures of The University of Queensland, the thesis be made available 
for research and study in accordance with the Copyright Act 1968 unless a period of embargo has 
been approved by the Dean of the Graduate School.  
 
I acknowledge that copyright of all material contained in my thesis resides with the copyright 
holder(s) of that material.  Where appropriate I have obtained copyright permission from the 
copyright holder to reproduce material in this thesis and have sought permission from co-authors 
for any jointly authored works included in the thesis. 
 
 vi 
Publications during candidature 
 
Peer-reviewed papers directly related to this thesis 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2015). A systematic review of 
the effects of telerehabilitation in patients with cardiopulmonary diseases. Journal of 
Cardiopulmonary Rehabilitation and Prevention, 35(6), 380-389. 
 
Hwang, R., Morris, N. R., Mandrusiak, A., Mudge, A., Suna, J., Adsett, J., et al. (2016). Timed up 
and go rest: a reliable and valid test in patients with chronic heart failure. Journal of Cardiac 
Failure, 22(8), 646-650. 
 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., & Russell, T. (2017). 
Assessing functional exercise capacity using telehealth: is it valid and reliable in patients 
with chronic heart failure? Journal of Telemedicine and Telecare, 23(2), 225-232. 
 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2017). Home-based 
telerehabilitation is not inferior to centre-based program in patients with chronic heart 
failure: a randomised, single-blind trial. Journal of Physiotherapy, 63(2), 101-107.  
 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., Bruning, J., & Russell, T. 
(2017). Exploring patient experiences and perspectives of a heart failure telerehabilitation 
program: a mixed methods approach. Heart and Lung, 46(4), 320-327. 
 
Peer-reviewed papers unrelated to this thesis 
Boyde, M., Peters, R., Hwang, R., Korczyk, D., Ha, T., & New, N. (2017). The self-care 
educational intervention for patients with heart failure: a study protocol. Journal of 
Cardiovascular Nursing, 32(2), 165-170. 
 
Boyde, M., Peters, R., New, N., Hwang, R., Ha, T., & Korczyk, D. (2017). Self-care educational 
intervention to reduce hospitalisations in heart failure: a randomised controlled trial. 
European Journal of Cardiovascular Nursing, DOI: 10.1177/1474515117727740. 
 
 vii 
Adsett, J., Morris, N., Kuys, S., Hwang, R., Mullins, R., Khatun, M., et al. (2017). Aquatic exercise 
training is effective in maintaining exercise performance in trained heart failure patients: a 
randomised crossover pilot trial. Heart, Lung and Circulation, 26(6), 572-579. 
 
Conference abstracts directly related to this thesis 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2014). A systematic review of 
the effects of telerehabilitation in patients with chronic diseases, 
http://event.icebergevents.com.au/uploads/contentFiles/files/2014-SFT/Rita-Hwang.pdf  
 oral presentation on 17 November 2014, at the International Conference on Successes and 
Failures in Telehealth, Adelaide, Australia. 
 
Hwang, R., Morris, N., Mandrusiak, A., & Russell, T. (2014). Providing heart failure rehabilitation 
in the home via telerehabilitation.  
 oral presentation on 26 November 2014, at The University of Queensland School of Health 
and Rehabilitation Sciences postgraduate research conference, Brisbane, Australia.   
 received the Sports Medicine Australia Award.   
 
Hwang, R., Morris, N. R., Mandrusiak, A., Mudge, A., Suna, J., Adsett, J., et al. (2015). Timed up 
and go test: a reliable and valid test in patients with chronic heart failure? Heart, Lung and 
Circulation, 24:S458, DOI: 10.1016/j.hlc.2015.06.802.  
 oral presentation on 14 August 2015, at the Cardiac Society of Australia and New Zealand 
annual scientific meeting, Melbourne, Australia. 
 
Hwang, R., Mandrusiak, A., Morris, N., Peters, R., Korczyk, D., & Russell, T. (2015). Assessing 
functional exercise capacity using telehealth: is it reliable and valid in patients with chronic 
heart failure? 
https://www.physiotherapy.asn.au/DocumentsFolder/CONFERENCE2015/APA%202015%
20Abstracts%20Final.pdf.  
 oral presentation on 6 October 2015, at the Australian Physiotherapy Association 
conference, Gold Coast, Australia.   
 finalist for the Jill Nowsworthy award for excellence in research.  
 
 viii 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2016). Providing heart failure 
rehabilitation in the home via telerehabilitation. Heart, Lung and Circulation, 25:S4, 
DOI:10.1016/j.hlc.2016.06.008. 
 oral presentation on 5 August 2016 at the Cardiac Society of Australia and New Zealand 
annual scientific meeting, Adelaide, Australia. 
 finalist for the multidisciplinary allied health technology prize.  
 
Hwang, R., Mandrusiak, A., Morris, N., Peters, R., Korczyk, D., Bruning, J., & Russell, T. (2016). 
Exploring patient’s experience and perspective of a heart failure telerehabilitation program: 
a mixed method approach, 
https://coh.centre.uq.edu.au/filething/get/1256/SFT16_Proceedings.pdf. 
 oral presentation on 1 November 2016, at the International Conference on Successes and 
Failures in Telehealth, Auckland, New Zealand.   
 
Hwang, R., Bruning, J., Mandrusiak, A., Morris, N., & Russell, T. (2017). Delivering group-based 
rehabilitation into the home via videoconferencing: lessons learnt from a heart failure 
telerehabilitation project, http://www.apamomentum2017.asn.au/wp-
content/uploads/2017/09/Abstract_Book%20Revised%20%20Final.pdf.  
 oral presentation on 20 October 2017, at the Australian Physiotherapy Association 
conference, Sydney, Australia.   
 
Conference abstract unrelated to this thesis 
Boyde, M., Peters, R., Hwang, R., Korczyk, D., Ha, T., & New, N. (2015). The self-care 
educational intervention for patients with heart failure: a study protocol. Heart, Lung and 
Circulation, 24:S221, DOI:10.1016/j.hlc.2015.06.262.  
 poster presentation on 14 August 2015, at the Cardiac Society of Australia and New Zealand 
annual scientific meeting, Melbourne, Australia. 
 
 
 ix 
Publications included in this thesis 
 
The following publication has been incorporated as Chapter 2:  
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2015). A systematic review of 
the effects of telerehabilitation in patients with cardiopulmonary diseases. Journal of 
Cardiopulmonary Rehabilitation and Prevention, 35(6), 380-389, 
http://journals.lww.com/jcrjournal/Abstract/2015/11000/A_Systematic_Review_of_the_Eff
ects_of.2.aspx. 
 
A statement of contribution to the paper is outlined as follows.  RH conducted the search for studies 
and selected included studies; assessed study quality; extracted, entered and analysed the data; 
interpreted the results and wrote the review.  JB selected included studies and edited the draft 
review.  NM, AM and TR were consulted on studies for inclusion and edited the draft review.  All 
authors conceived the review.   
 
Contributor Statement of contribution 
Rita Hwang (Candidate)  Designed the study (50%). 
 Conducted the study and analysed the results (70%). 
 Wrote the paper (100%). 
Jared Bruning  Designed the study (10%). 
 Conducted the study and analysed the results (10%). 
 Edited the paper (5%). 
Norman Morris (Advisor)  Designed the study (12%). 
 Consulted on the analysis (5%). 
 Edited the paper (30%). 
Allison Mandrusiak (Advisor)  Designed the study (13%). 
 Consulted on the analysis (5%). 
 Edited the paper (30%). 
Trevor Russell (Advisor)  Designed the study (15%). 
 Consulted on the analysis (10%). 
 Edited the paper (35%). 
 
 x 
The following publication has been incorporated as Chapter 3: 
Hwang, R., Morris, N. R., Mandrusiak, A., Mudge, A., Suna, J., Adsett, J., et al. (2016). Timed up 
and go test: a reliable and valid test in patients with chronic heart failure. Journal of Cardiac 
Failure, 22(8), 646-650, http://www.onlinejcf.com/article/S1071-9164(15)01124-0/abstract. 
 
A statement of contribution to the paper is outlined as follows.  RH conceived and designed the 
study and drafted the manuscript.  All authors were consulted on the study design, edited and 
approved the manuscript.  AMudge, JS and JA contributed and cleaned the data.   
 
Contributor Statement of contribution 
Rita Hwang (Candidate)  Designed the study (60%). 
 Conducted the study and analysed the results (70%). 
 Wrote the paper (100%). 
Norman Morris (Advisor)  Designed the study (10%). 
 Consulted on the analysis (10%). 
 Edited the paper (25%). 
Allison Mandrusiak 
(Advisor) 
 Designed the study (5%). 
 Consulted on the analysis (4%). 
 Edited the paper (15%). 
Alison Mudge  Designed the study (7.5%). 
 Conducted the study and consulted on the analysis (4%). 
 Edited the paper (30%). 
Jess Suna  Designed the study (5%). 
 Conducted the study and consulted on the analysis (4%). 
 Edited the paper (5%). 
Julie Adsett   Designed the study (5%). 
 Conducted the study and consulted on the analysis (4%). 
 Edited the paper (10%). 
Trevor Russell (Advisor)  Designed the study (7.5%). 
 Consulted on the analysis (4%). 
 Edited the paper (15%). 
 
 xi 
The following publication has been incorporated as Chapter 4: 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., & Russell, T. (2017). Assessing 
functional exercise capacity using telehealth: is it valid and reliable in patients with chronic 
heart failure? Journal of Telemedicine and Telecare, 23(2), 225-232, 
http://journals.sagepub.com/doi/full/10.1177/1357633X16634258. 
 
A statement of contribution to the paper is outlined as follows.  RH conceived and designed the 
study, collected and analysed the data, and drafted the manuscript.  AM, NM, RP, DK and TR were 
consulted on study design and statistical analysis and edited the draft manuscript.  All authors 
reviewed and approved the manuscript. 
 
Contributor Statement of contribution 
Rita Hwang (Candidate)  Designed the study (60%). 
 Conducted the study and analysed the results (70%). 
 Wrote the paper (100%). 
Allison Mandrusiak 
(Advisor) 
 Designed the study (10%). 
 Consulted on the analysis (7%). 
 Edited the paper (30%). 
Norman Morris (Advisor)  Designed the study (10%). 
 Consulted on the analysis (7%). 
 Edited the paper (30%). 
Robyn Peters  Designed the study (3%). 
 Conducted the study and consulted on the analysis (3%). 
 Edited the paper (3%). 
Dariusz Korczyk  Designed the study (2%). 
 Conducted the study and consulted on the analysis (3%). 
 Edited the paper (2%). 
Trevor Russell (Advisor)  Designed the study (15%). 
 Consulted on the analysis (10%). 
 Edited the paper (35%). 
 
 xii 
The following publication has been incorporated as Chapter 5: 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2017). Home-based 
telerehabilitation is not inferior to centre-based program in patients with chronic heart 
failure: a randomised, single-blind trial. Journal of Physiotherapy, 63(2), 101-107, 
http://www.journalofphysiotherapy.com/article/S1836-9553(17)30031-0/fulltext.  
 
A statement of contribution to the paper is outlined as follows.  RH conceived and designed the 
study, organised ethics amendments and extensions, prepared ethics progress reports, registered 
with a trial registry, collected and analysed the data, delivered the interventions and drafted the 
manuscript.  JB also conceived and designed the study, organised ethics application, collected the 
data, delivered the interventions and edited the draft review.  NM, AM and TR were consulted on 
the study design and statistical analysis and edited the draft manuscript.  All authors reviewed and 
approved the manuscript.   
 
Contributor Statement of contribution 
Rita Hwang (Candidate)  Designed the study (50%). 
 Conducted the study and analysed the results (70%). 
 Wrote the paper (100%). 
Jared Bruning  Designed the study (15%). 
 Conducted the study and consulted on the analysis (10%). 
 Edited the paper (5%). 
Norman Morris (Advisor)  Designed the study (10%). 
 Consulted on the analysis (5%). 
 Edited the paper (30%). 
Allison Mandrusiak 
(Advisor) 
 Designed the study (10%). 
 Consulted on the analysis (5%). 
 Edited the paper (30%). 
Trevor Russell (Advisor)  Designed the study (15%). 
 Consulted on the analysis (10%). 
 Edited the paper (35%). 
 
 xiii 
The following publication has been incorporated as Chapter 6: 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., Bruning, J., & Russell, T. 
(2017). Exploring patient experiences and perspectives of a heart failure telerehabilitation 
program: a mixed methods approach. Heart and Lung, 46(4), 320-327, 
http://www.heartandlung.org/article/S0147-9563(16)30324-7/fulltext.  
 
A statement of contribution to the paper is outlined as follows.  RH conceived and designed the 
study, collected and analysed the data, and drafted the manuscript.  All authors were consulted on 
the study design, edited and approved the manuscript.  RP contributed to the data analysis.   
Contributor Statement of contribution 
Rita Hwang (Candidate)  Designed the study (60%). 
 Conducted the study and analysed the results (70%). 
 Wrote the paper (100%). 
Allison Mandrusiak (Advisor)  Designed the study (10%). 
 Consulted on the analysis (7%). 
 Edited the paper (35%). 
Norman Morris (Advisor)  Designed the study (10%). 
 Consulted on the analysis (5%). 
 Edited the paper (25%). 
Robyn Peters  Designed the study (5%). 
 Conducted the study and analysed the results (7%). 
 Edited the paper (5%). 
Dariusz Korczyk  Designed the study (2%). 
 Consulted on the analysis (2%). 
 Edited the paper (2%). 
Jared Bruning  Designed the study (3%). 
 Consulted on the analysis (2%). 
 Edited the paper (3%). 
Trevor Russell (Advisor)  Designed the study (10%). 
 Consulted on the analysis (7%). 
 Edited the paper (30%). 
 
 
 xiv 
Contributions by others to the thesis  
 
Professor Trevor Russell, Dr Allison Mandrusiak and Professor Norman Morris contributed to the 
thesis as advisors to the candidate by advising on the design, consulting on the analysis and 
interpretation of data, and critically reviewing thesis drafts. 
 
Mr Jared Bruning also made significant contributions to the thesis by screening eligible studies for 
inclusion in the systematic review, consulting on the design of the intervention study, organising the 
ethics application, obtaining grants for the delivery of telerehabilitation programs at The Prince 
Charles Hospital and conducting these telerehabilitation programs at The Prince Charles Hospital.   
 
Professor Alison Mudge, Ms Julie Adsett and Ms Jessica Suna contributed and cleaned the data 
associated with the timed up and go test study, as well as made significant improvements to the 
associated draft manuscript.   Dr Dariusz Korczyk and Ms Robyn Peters were consulted on the 
study design and contributed to the data collection of the telerehabilitation assessment study and 
patient experiences and perspectives related to telerehabilitation study. 
 
Statement of parts of the thesis submitted to qualify for the award of another 
degree 
 
None. 
 
Research involving human or animal subjects  
 
The research studies described in this thesis were approved by the Human Research Ethics 
Committees at The Prince Charles Hospital, Metro North Hospital and Health Service 
(HREC/12/QPCH/86), the Princess Alexandra Hospital, Metro South Hospital and Health Service 
(SSA/13/QPAH/202), and The University of Queensland (2013000796).  A copy of the ethics 
approval letter is included in Appendix 9.1.   
 xv 
Acknowledgements 
 
I would like to acknowledge and thank the many people and organisations that contributed to this 
body of work.  With their generous support, advice and encouragement, this research has taken off 
the ground, and the associated journal publications and thesis writing made possible. 
 
Firstly, I sincerely thank the support and guidance from my wonderful advisory team, Professor 
Trevor Russell, Dr Allison Mandrusiak and Professor Norman Morris.  This thesis would not have 
been possible without them.  They have patiently guided me through this Doctor of Philosophy 
(PhD) journey and instilled in me critical research skills.  Their calm nature, welcoming smiles and 
encouraging words have helped me to stay focussed and persevered, even when the task seemed 
insurmountable.  Their ongoing mentorship and dedication have been invaluable and inspirational.  
To Trev, I thank you for the help with grant applications, study designs, telehealth set-up and 
software accesses.  To Allie, thanks for your advice including the use of forecasting statements and 
sign posts to improve the thesis flow and support at conference presentations.  To Norm, I’m 
grateful for your assistance with journal selections and instilling confidence when I doubted my 
ability to respond to reviewer’s comments.  
 
I benefited from the scientific guidance of an expert panel comprising of Professor Linda Worrall 
and Dr Anna Hatton, who reviewed my progress and provided helpful feedback at each milestone 
along my PhD journey.  I would like to thank Dr Asad Khanh and Dr Anne Bernard for providing 
statistical advice.  I am also indebted to the staff at the Princess Alexandra Hospital Telehealth 
Centre and the researchers at the Centre for Research Excellence in Telehealth for providing an 
innovative research environment. 
 
I sincerely thank the support from the Princess Alexandra Hospital and The Prince Charles 
Hospital.  In particular, I am grateful to the staff of the heart failure services and physiotherapy 
departments at participating hospitals, whose drive to improve patient lives enabled this research.  
My line managers Kathy Grudzinskas, Cherie Hearn, Peter Tonks and Claire Hackett have been 
great supporters of allied health research.  Their encouragement and flexibility have enabled me to 
combine my passion for research with ongoing clinical practice in cardiorespiratory physiotherapy.  
My special thanks go to Mr Jared Bruning who has generously devoted many hours of his own time 
to assist with the delivery of the telerehabilitation programs and provided ongoing encouragement 
during my PhD journey.  My thanks also go to physiotherapy colleagues including Rebecca Kelly, 
 xvi 
Jessica King, Gretta Palmer, Carly Turner, Sharyn Furze and Maureen Peasey for assistance with 
data collection.   
 
I would like to acknowledge the funding bodies which have made this research possible.  For the 
timed up and go test study, I thank the Australian National Health and Medical Research Council 
(NHMRC Project grant no. 498403); the Royal Brisbane and Women’s Hospital Foundation; and 
The Prince Charles Hospital Foundation.  I am grateful for the National Heart Foundation of 
Australia’s Health Professional Scholarship (ID: 100297) which enabled me to pursue my research 
journey.  For the intervention study, I thank the Princess Alexandra Hospital Research Support 
Scheme Small Grant 2013, The Prince Charles Hospital Foundation Novice Researcher Grant 2012 
and the Queensland Health, Health Practitioner Research Scheme 2012-13 for funding equipment 
purchase and employment of independent assessors.  I am also grateful for the financial support 
provided by the School of Health and Rehabilitation Sciences at The University of Queensland and 
the Study Education and Research Trust Account at the Metro South Health and Hospital Service, 
to enable me to disseminate our study findings at conference presentations. 
 
I express my gratitude towards the authors of included studies in the systematic review who 
responded to requests for additional information.  On that note, I would like to thank the journal 
editors and reviewers who provided valuable suggestions for the submitted manuscripts that 
emanated from this thesis.  These suggestions greatly assisted in the clarity and focus of the final 
publication.  I am particularly grateful to Associate Professor Mark Elkins, Editor of the Journal of 
Physiotherapy, for facilitating the review process and raising the profile of the intervention study 
paper.  I would also like to thank the EJECTION study investigators including Professor Alison 
Mudge, Ms Julie Adsett and Ms Jessica Suna for collaborative opportunities, and Ms Diane 
Bookless for data collection of the timed up and go study.  
 
I would like to thank my family and friends for their unwavering support and patience throughout 
the course of my PhD journey.  I would not have survived this journey without having them by my 
side.   
 
Finally special thanks to the study participants who willingly gave their time to participate in this 
research.  Their understanding and patience for a new service delivery model are appreciated.  
Improving the lives of people with heart failure is what inspired this research.  
 
 xvii 
Financial support 
 
This body of work was supported by the Health Professional Scholarship (Award ID: 100297) from 
the National Heart Foundation of Australia.  The timed up and go test study nested within the 
exercise joins education: combined therapy to improve outcomes in newly-discharged heart failure 
(EJECTION-HF) trial, was supported by the Australian National Health and Medical Research 
Council (NHMRC Project grant no. 498403), the Royal Brisbane and Women’s Hospital 
Foundation and The Prince Charles Hospital Foundation.  The intervention study was supported by 
the Princess Alexandra Hospital Research Support Scheme Small Grant 2013, The Prince Charles 
Hospital Foundation Novice Researcher Grant 2012 and the Queensland Health, Health 
Practitioner Research Scheme 2012-13. 
 
Keywords 
 
cardiac failure, exercise, functional capacity, chronic heart failure, telehealth, telerehabilitation, 
videoconferencing.   
 
Australian and New Zealand Standard Research Classifications (ANZSRC) 
 
ANZSRC code: 110317, Physiotherapy, 50% 
ANZSRC code: 110201, Cardiology, 30% 
ANZSRC code: 100509, Video Communications, 20% 
 
Fields of Research (FoR) Classification 
 
FoR code: 1103, Clinical Sciences, 50% 
FoR code: 1102, Cardiorespiratory Medicine and Haematology, 30% 
FoR code: 1005, Communications Technologies, 20% 
 
 xviii 
Table of contents 
 
Abstract .......................................................................................................................................... ii 
Declaration by author ................................................................................................................... v 
Publications during candidature ................................................................................................ vi 
Peer-reviewed papers directly related to this thesis .................................................................... vi 
Peer-reviewed papers unrelated to this thesis ............................................................................. vi 
Conference abstracts directly related to this thesis .................................................................... vii 
Conference abstract unrelated to this thesis.............................................................................. viii 
Publications included in this thesis ............................................................................................. ix 
Contributions by others to the thesis ....................................................................................... xiv 
Statement of parts of the thesis submitted to qualify for the award of another degree ...... xiv 
Research involving human or animal subjects ........................................................................ xiv 
Acknowledgements ..................................................................................................................... xv 
Financial support ...................................................................................................................... xvii 
Keywords ................................................................................................................................... xvii 
Australian and New Zealand Standard Research Classifications (ANZSRC) .................... xvii 
Fields of Research (FoR) Classification .................................................................................. xvii 
Table of contents ...................................................................................................................... xviii 
List of figures ............................................................................................................................. xxii 
List of tables .............................................................................................................................. xxiii 
List of abbreviations ................................................................................................................ xxiv 
Chapter 1 Introduction ........................................................................................................... 1 
1.1 Chronic heart failure ........................................................................................................... 1 
1.2 Management of chronic heart failure .................................................................................. 3 
1.3 Exercise and chronic heart failure ....................................................................................... 4 
1.4 Telehealth ............................................................................................................................ 5 
1.4.1 Telemonitoring ............................................................................................................ 6 
1.4.2 Telecoaching ............................................................................................................... 8 
 xix 
1.4.3 Telerehabilitation ........................................................................................................ 8 
1.5 Summary and thesis aims .................................................................................................. 10 
1.6 Thesis structure ................................................................................................................. 13 
Chapter 2 Systematic review ................................................................................................ 14 
2.1 Abstract ............................................................................................................................. 15 
2.2 Introduction ....................................................................................................................... 15 
2.3 Methods ............................................................................................................................. 16 
2.4 Results ............................................................................................................................... 18 
2.5 Discussion ......................................................................................................................... 30 
2.6 Conclusion ........................................................................................................................ 32 
2.7 Summary ........................................................................................................................... 33 
Chapter 3 Timed up and go test ........................................................................................... 34 
3.1 Abstract ............................................................................................................................. 35 
3.2 Introduction ....................................................................................................................... 35 
3.3 Methods ............................................................................................................................. 36 
3.4 Results ............................................................................................................................... 38 
3.5 Discussion ......................................................................................................................... 43 
3.6 Conclusion ........................................................................................................................ 45 
3.7 Summary ........................................................................................................................... 45 
Chapter 4 Telerehabilitation assessment ............................................................................ 46 
4.1 Abstract ............................................................................................................................. 46 
4.2 Introduction ....................................................................................................................... 47 
4.3 Methods ............................................................................................................................. 48 
4.4 Results ............................................................................................................................... 52 
4.5 Discussion ......................................................................................................................... 57 
4.6 Conclusion ........................................................................................................................ 60 
4.7 Summary ........................................................................................................................... 60 
Chapter 5 Telerehabilitation intervention .......................................................................... 61 
5.1 Abstract ............................................................................................................................. 62 
5.2 Introduction ....................................................................................................................... 63 
5.3 Methods ............................................................................................................................. 64 
 xx 
5.4 Results ............................................................................................................................... 69 
5.5 Discussion ......................................................................................................................... 77 
5.6 Conclusion ........................................................................................................................ 79 
5.7 Summary ........................................................................................................................... 79 
Chapter 6 Patient experiences and perspectives related to telerehabilitation ................. 81 
6.1 Abstract ............................................................................................................................. 82 
6.2 Introduction ....................................................................................................................... 82 
6.3 Methods ............................................................................................................................. 84 
6.4 Results ............................................................................................................................... 88 
6.5 Discussion ......................................................................................................................... 99 
6.6 Conclusion ...................................................................................................................... 101 
6.7 Summary ......................................................................................................................... 101 
Chapter 7 Discussion ........................................................................................................... 102 
7.1 Summary of key findings ................................................................................................ 103 
7.1.1 Systematic review ................................................................................................... 103 
7.1.2 Timed up and go test ............................................................................................... 104 
7.1.3 Telerehabilitation assessment ................................................................................. 105 
7.1.4 Telerehabilitation intervention ................................................................................ 105 
7.1.5 Patient experiences and perspectives related to telerehabilitation .......................... 107 
7.2 Implications for clinical practice .................................................................................... 108 
7.3 Strengths and limitations ................................................................................................. 110 
7.4 Directions for future research ......................................................................................... 111 
7.5 Conclusions ..................................................................................................................... 112 
Chapter 8 References .......................................................................................................... 114 
Chapter 9 Appendix ............................................................................................................ 134 
9.1 Ethics ............................................................................................................................... 135 
9.1.1 Ethics approval ........................................................................................................ 135 
9.1.2 Ethics amendment approval .................................................................................... 136 
9.2 Patient information sheet and consent form .................................................................... 137 
9.3 Equipment information booklet ...................................................................................... 145 
9.4 Exercise information booklet .......................................................................................... 165 
 xxi 
9.5 Additional data on the timed up and go test study .......................................................... 189 
9.6 Normative values ............................................................................................................ 191 
9.7 Interview guide ............................................................................................................... 193 
 
 xxii 
List of figures 
 
Figure 1-1.  Thesis methodology diagram ......................................................................................... 12 
Figure 1-2.  Overview of the thesis structure ..................................................................................... 13 
Figure 2-1.  PRISMA flowchart on the results of literature search. .................................................. 20 
Figure 2-2.  Forest plot of the mean difference in post-program 6 minute walk test distance (in 
metres). ............................................................................................................................................... 27 
Figure 2-3.  Forest plot of the mean difference in post-program peak oxygen consumption (in 
mL/kg/min). ....................................................................................................................................... 28 
Figure 3-1.  Timed up and go test study flowchart ............................................................................ 38 
Figure 3-2.  Bland and Altman plot of the difference against the mean of first and second timed up 
and go test (with transformation) ....................................................................................................... 41 
Figure 3-3.  Relationship between the timed up and go test and other variables .............................. 42 
Figure 4-1.  Bland and Altman plots of the difference against the mean of telerehabilitation and 
separate face-to-face assessments ...................................................................................................... 55 
Figure 5-1.  Telerehabilitation set-up ................................................................................................. 66 
Figure 5-2.  Telerehabilitation intervention study flowchart ............................................................. 70 
Figure 5-3.  Non-inferiority plot of 6 minute walk test distance ....................................................... 74 
Figure 6-1.  Questionnaire responses ................................................................................................. 90 
Figure 6-2.  Motivating influences of telerehabilitation .................................................................... 92 
Figure 6-3.  Inhibiting influences of telerehabilitation (technical difficulties) .................................. 95 
Figure 6-4.  Suggestions to address inhibiting influences of telerehabilitation ................................. 98 
Figure 9-1.  Relationship between the timed up and go test and other variables ............................ 189 
 
 xxiii 
List of tables 
 
Table 1-1.  New York Heart Association (NYHA) functional classification ...................................... 2 
Table 2-1.  Literature review search terms. ....................................................................................... 17 
Table 2-2.  Characteristics of included studies. ................................................................................. 21 
Table 2-3.  Methodological quality of included studies. ................................................................... 24 
Table 3-1.  Baseline characteristics of the timed up and go test study .............................................. 39 
Table 3-2.  Test-retest reliability of the timed up and go test ............................................................ 41 
Table 4-1.  Participant characteristics of telerehabilitation assessment study ................................... 53 
Table 4-2.  Means and standard deviations for functional tests ......................................................... 54 
Table 4-3.  Validity comparison of the 6 minute walk test with previous research .......................... 56 
Table 4-4.  Validity and reliability of telerehabilitation assessments ................................................ 56 
Table 4-5.  Technical issues during telerehabilitation assessments ................................................... 57 
Table 5-1.  Baseline characteristics of telerehabilitation intervention study ..................................... 71 
Table 5-2.  Other outcome measures ................................................................................................. 73 
Table 5-3.  Mean (standard deviations) of groups, mean (95% confidence intervals) difference 
between and within groups, and non-inferiority range. ..................................................................... 75 
Table 6-1.  Telerehabilitation program content ................................................................................. 85 
Table 6-2.  Demographics of patient experiences and perspectives study ........................................ 88 
Table 9-1.  Raw scores for the timed up and go test (TUGT) study ................................................ 189 
Table 9-2.  Normative data for distance on the 6 minute walk test (6MWT) .................................. 191 
Table 9-3.  Normative data for the timed up and go test (TUGT) ................................................... 191 
Table 9-4.  Normative data for the grip strength test ....................................................................... 191 
 
 xxiv 
List of abbreviations 
 
Abbreviations Details 
6MWD Distance on the six minute walk test 
6MWT Six minute walk test 
AM Dr Allison Mandrusiak 
AQoL-4D Assessment of quality of life – 4 dimensions 
BOOMER Balance outcome measure for elder rehabilitation 
CHD Coronary heart disease 
CHF Chronic heart failure 
CI Confidence intervals 
CINAHL Cumulative index to nursing and allied health literature 
COPD Chronic obstructive pulmonary disease 
COREQ Consolidated criteria for reporting qualitative research  
CSANZ Cardiac Society of Australia and New Zealand 
CSQ-8 Client satisfaction questionnaire  
ECG Electrocardiogram 
EJECTION-HF Exercise joins education: combined therapy to improve outcomes in newly-
discharged heart failure 
EQ-5D EuroQol five-dimensional questionnaire 
HFpEF Heart failure with preserved ejection fraction 
HFrEF Heart failure with reduced ejection fraction 
ICC Intra-class correlation coefficient 
IHCA Interactive health communication applications 
IQR Inter-quartile range 
JB Mr Jared Bruning 
LVEF Left ventricular ejection fraction 
MDC95 Minimal detectable change at 95% confidence interval 
MET Metabolic equivalent of task  
MLWHFQ Minnesota living with heart failure questionnaire 
N Number 
NHFA National heart foundation of Australia 
NM Professor Norman Morris 
 xxv 
Abbreviations Details 
NYHA New York Heart Association functional classification 
PEDro Physiotherapy evidence database 
PhD Doctor of Philosophy 
PRISMA Preferred reporting items for systematic reviews and meta-analysis 
PROSPERO International prospective register of systematic reviews 
RCT Randomised control trial 
RH Rita Hwang 
RUIS Revised urinary incontinence scale 
SD Standard deviation 
SEM Standard error of measurement 
TECH model TElehealth in CHronic disease model 
TR Professor Trevor Russell 
TUGT Timed up and go test 
VAS Visual analogue scale 
VO2peak Peak oxygen consumption  
 1 
Chapter 1  Introduction 
 
1.1 Chronic heart failure  
Patients with chronic heart failure (CHF) are ranked as one of the largest and most expensive group 
of healthcare consumers in Australia (Davidson et al., 2001).  It has been reported that nearly 5.8 
million people in the United States and over 23 million worldwide have CHF (Liu & Eisen, 2014).  
In Australia, it is estimated that more than 511,000 (2.1%) people have CHF, contributing $3.1 
billion to the annual Australian healthcare cost (Chen et al., 2017).  Although survival rates have 
improved, the absolute mortality rates for CHF remain approximately 50% within five years of 
diagnosis (Levy et al., 2002), and this patient group continues to have lower survival rates than 
patients with common cancers such as breast and prostate cancers (Mamas et al., 2017).  Recent 
European data demonstrates that the 12-month all-cause mortality and hospitalisation rates for 
patients with stable CHF were 7% and 32% respectively (Maggioni et al., 2013).  These rates are 
comparable to a cohort of 150 patients with severe chronic obstructive pulmonary disease (COPD) 
who have been shown to have 12-month mortality and 3-month readmission rates of 24.5% and 
28% respectively (Soltani et al., 2015).  Despite advances in the management of CHF, it remains a 
significant healthcare burden with poor prognosis (Hung et al., 2013). 
 
According to the National Heart Foundation of Australia (NHFA) and Cardiac Society of Australia 
and New Zealand (CSANZ), CHF is a complex clinical condition characterised by a structural or 
functional impairment of the ventricles to fill or pump blood to maintain adequate circulation to the 
body (NHFA & CSANZ, 2011).  The main terminology used to describe CHF is based on the left 
ventricular ejection fraction (LVEF).  For instance, heart failure with reduced ejection fraction 
(HFrEF) is typically considered as a LVEF of less than 40%, and heart failure with preserved 
ejection fraction (HFpEF) is typically considered as a LVEF of greater than or equal to 50% 
(Ponikowski et al., 2016).  Patients with a LVEF in the range of 40% and 49% represent an 
intermediate group (Ponikowski et al., 2016).  Another approach to describe CHF is the New York 
Heart Association (NYHA) functional classification as shown in Table 1-1. 
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Table 1-1.  New York Heart Association (NYHA) functional classification 
NYHA grading Description  
I No limitation of physical activity.  Ordinary physical activity does not cause 
symptoms of heart failure (fatigue, dyspnoea or palpitations). 
II Slight limitation of physical activity.  Comfortable at rest, but ordinary physical 
activity results in symptoms (mild CHF). 
III Marked limitation of physical activity.  Comfortable at rest, but less than ordinary 
activity causes symptoms (moderate CHF). 
IV Unable to carry on any physical activity without discomfort.  Symptoms of heart 
failure present at rest (severe CHF). 
Abbreviation: CHF, chronic heart failure. 
 
 
The aetiology of CHF is diverse and the co-morbidities multiple.  Coronary heart disease (CHD) 
and previous myocardial infarction accounts for approximately two-thirds of the patients with 
HFrEF (NHFA & CSANZ, 2011), and ischaemic heart disease occurs in over half of the patients 
(Newton et al., 2016).  Hypertension may also contribute to HFrEF via an increased after load and 
an acceleration of the CHD (NHFA & CSANZ, 2011).  HFpEF represents approximately half of the 
patients with CHF (Dunlay et al., 2017).  The risk of HFpEF increases sharply with age, but 
hypertension, obesity, diabetes mellitus and CHD are additional risk factors (Yancy et al., 2013).  
Some of the common co-morbidities associated with CHF include cardiac arrhythmia, valvular 
heart disease, chronic kidney disease, anaemia, frailty, obesity, arthritis, gout, sleep-disordered 
breathing and COPD (Dunlay et al., 2017; Ponikowski et al., 2016).   
  
Diagnosis of CHF is based on a combined approach.  The recommended initial assessments involve 
taking a clinical history, physical examination, electrocardiogram, plasma natriuretic peptide 
concentration and echocardiogram (Ponikowski et al., 2016).  A clinical history may reveal the 
classic signs and symptoms of CHF, which include fatigue and dyspnoea that can occur at rest or 
with exertion (Ponikowski et al., 2016).  These symptoms can have a negative impact on exercise 
capacity, ability to perform activities of daily living and quality of life (Piepoli et al., 2010).  
Furthermore, the multiple co-morbidities can also have a detrimental impact on exercise capacity.  
In view of the high incidence of CHF and its poor prognosis (Levy et al., 2002), there has been 
growing interest in optimising the management of patients with this chronic condition (Stewart & 
Horowitz, 2003). 
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1.2 Management of chronic heart failure 
The comprehensive management of CHF entails a combination of pharmacological, medical and 
non-pharmacological therapies.  Pharmacological therapies have been recommended to improve 
symptoms and prolong survival in patients with HFrEF, and may include angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, angiotensin receptor neprilysin inhibitors, beta-
blockers and mineralocorticoid/aldosterone receptor antagonists (Ponikowski et al., 2016; Yancy et 
al., 2017).  Diuretics can be used for symptomatic relief (Ponikowski et al., 2016).  Other medical 
therapies may encompass cardioversions, pacemakers, implantable cardiac defibrillators and cardiac 
resynchronisation therapies (NHFA & CSANZ, 2011; Yancy et al., 2013).  Surgical options include 
coronary revascularisation therapies through primary percutaneous coronary interventions or 
coronary artery bypass grafts, valvular surgeries and heart transplantations (Ponikowski et al., 
2016).  Unfortunately there are still no conclusive data regarding the efficacy of any therapy for 
reducing morbidity or mortality in patients with HFpEF (Ponikowski et al., 2016).  However, as 
these patients are often elderly and have multiple co-morbidities, therapies such as diuretics and 
management of co-morbidities have been recommended to alleviate symptoms and improve quality 
of life (Ponikowski et al., 2016). 
 
Non-pharmacological therapy is also important in the management of patients with CHF. 
This encompasses a cascade of lifestyle changes such as a healthy diet with reduced sodium intake, 
fluid management with reduced alcohol intake, smoking cessation and exercise (Ponikowski et al., 
2016; Yancy et al., 2013).  Education and self-care play a vital role in helping patients to gain a 
better understanding of the condition, promote adherence to therapy, and recognise and act on 
symptom changes (Ponikowski et al., 2016).  These non-pharmacological therapies are often 
facilitated through specialist heart failure disease management programs and are recommended in 
practice guidelines (NHFA & CSANZ, 2011; Ponikowski et al., 2016; Yancy et al., 2013).  The 
programs may be delivered in various formats including home visits, clinics, phone follow-ups and 
exercise-based rehabilitation programs.  Home visits and multi-disciplinary heart failure clinics 
have been shown in a meta-analysis to reduce all-cause readmission and mortality; structured 
telephone support also reduced heart failure-specific readmission and mortality (Feltner et al., 
2014).  These programs can also provide psychosocial support and encourage exercise for patients 
with CHF. 
 
 4 
1.3 Exercise and chronic heart failure 
Exercise-based rehabilitation programs should be considered as an essential part of the 
contemporary management of CHF.  A number of studies have demonstrated exercise to be safe 
(Smart & Marwick, 2004) and cost-effective (Georgiou et al., 2001) in the management of patients 
with CHF.  An updated Cochrane review of 33 trials with 4,740 patients with CHF, confirms the 
benefits of exercise including improved quality of life and lower hospital admission rates (Taylor et 
al., 2014).  These benefits of exercise are present regardless of the type and dose of exercise, and 
duration of follow-up (Sagar et al., 2015).  Other benefits of exercise include a positive impact on 
physical capacity, expressed as an increase in peak oxygen consumption, work capacity, distance on 
the six minute walk test (6MWD) and exercise duration (Rees et al., 2004).  In addition to an 
improvement in CHF symptoms, research has shown an increase in skeletal muscle strength 
(Senden et al., 2005; Servantes et al., 2011) and correction of autonomic dysfunction (Coats et al., 
1992; Piotrowicz et al., 2016b) in response to exercise. 
 
Traditionally, exercise for patients with CHF has concentrated on centre-based rehabilitation 
programs (Taylor et al., 2014).  For example in a recent survey of 170 European cardiac centres 
with 77,214 patients with CHF, exercise-based rehabilitation programs were predominately offered 
as outpatient (52%) and/or inpatient (25%) centre-based programs, whereas home-based programs 
were only offered in 18% of the facilities (Piepoli et al., 2015).  This dominance of centre-based 
programs is also reflected in research studies, which predominately reported exercise programs as 
either exclusively centre-based or centre-based in combination with some home exercise sessions, 
with only five (15%) of the 33 studies conducted as exclusively home-based programs (Taylor et 
al., 2014).  These centre-based programs are usually delivered in hospitals, universities and 
community centres, where participants attend two to seven sessions per week of supervised exercise 
and self-management education over a period of four to 52 weeks (Ismail et al., 2014).  However, 
while these centre-based programs have been shown to be safe and effective (Smart & Marwick, 
2004), they are of limited availability and yield low attendance rates.  For instance, 46% of eligible 
patients with acute coronary syndrome had a documented referral to cardiac rehabilitation in 
Australia and New Zealand (Redfern et al., 2014), and only 30% of these patients actually 
participated in cardiac rehabilitation despite this being a recommended therapy (Doll et al., 2015; 
Suaya et al., 2007).  In a systematic review of 34 qualitative studies of 1,213 patients, reported 
barriers for accessing these centre-based cardiac rehabilitation programs include lack of transport 
and parking, financial cost and competing work and carer commitments (Neubeck et al., 2012).  
Another barrier for accessing centre-based programs is program availability.  This is reflected in a 
European survey, which found that 39% of the centres did not implement exercise-based 
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rehabilitation programs for patients with CHF, and the majority attributed this undersupply to a lack 
of resources (Piepoli et al., 2015).  Alternative models such as home-based rehabilitation programs 
may help to overcome some of these barriers.   
 
There has been increasing interest in home-based rehabilitation programs in an effort to widen 
access and improve program adherence.  For the purpose of this thesis, home-based rehabilitation 
program is defined as a structured program of exercise training only or as a component of the 
comprehensive cardiac rehabilitation program (incorporating the addition of health education and/or 
psychological intervention), with clear objectives for the participants including monitoring, follow-
up visits, letters or telephone calls from staff or at least self-monitoring diaries (Anderson et al., 
2017; Zwisler et al., 2016).  Home-based rehabilitation programs have been shown in a meta-
analysis to be effective in improving peak oxygen consumption, exercise duration and 6MWD in 
patients with CHF (Hwang & Marwick, 2009).  Similarly in a recent Cochrane systematic review of 
23 trials with a total of 2,890 patients, home-based cardiac rehabilitation programs demonstrate 
comparable effects on mortality, exercise capacity, modifiable risk factors and health-related quality 
of life compared with centre-based programs in patients with myocardial infarction, angina, CHF or 
who have undergone revascularisation (Anderson et al., 2017).  Hospitalisations and costs have also 
been shown to be similar between home-based and centre-based cardiac rehabilitation programs, 
with higher completion rates in the home-based group (Zwisler et al., 2016).  However home-based 
rehabilitation programs are often delivered one-on-one with a clinician or completed without any 
supervision and without the group interactions associated with centre-based programs.  Some 
authors have advocated for group-based rehabilitation programs, as patients value the peer support 
and enjoy the camaraderie within these programs (Neubeck et al., 2012).  It is important to explore 
other home-based group rehabilitation programs, which can be integrated alongside current models 
of service delivery. 
 
1.4 Telehealth  
With advances in new technologies and an exponential growth of the internet, there are emergent 
opportunities to deliver health services into the home via telehealth.  Telehealth is defined by the 
International Organisation for Standardisation (2005) as the “use of telecommunication techniques 
for the purpose of providing telemedicine, medical education, and health education over a 
distance”.  It is used interchangeably with telemedicine and e-health.  However, telemedicine 
appears to be more frequently used in clinical health services and is defined as the “use of advanced 
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telecommunication technologies to exchange health information and provide health care services 
across geographic, time, social and cultural barriers” (IST/35, 2005).   
 
For the purpose of this thesis, ‘telehealth’ will be used and is considered as a process for delivering 
health services at a distance using telecommunication technologies such as telephones, e-mails, 
faxes and videoconferencing.  These services can involve synchronous interactions such as using 
phone and videoconferencing communications to conduct real-time consultations to assess and 
review patients in a remote location.  Telehealth services can also involve asynchronous 
interactions where pre-recorded information can be stored and forwarded for review at a later time 
using technologies such as faxes and e-mails.   
 
There is growing evidence that telehealth technologies can support patients with chronic diseases.  
For instance, telehealth can be used in the form of remote monitoring, wearable sensors, therapeutic 
apps, virtual training, patient education, peer support and videoconferencing consultations.  In a 
meta-analysis of nine trials with 982 patients with COPD, there was a significant effect favouring 
telehealth over the control group on physical activity levels and similar improvements were found 
between the two groups in terms of physical capacity and dyspnoea (Lundell et al., 2015).  
Interestingly in a meta-analysis of 29 trials with 1,993 patients, video technologies were revealed to 
be more efficacious than other technologies in home-based telehealth (Dellifraine & Dansky, 2008), 
suggesting that a synchronous audiovisual interaction between the patient and healthcare 
professionals may strongly influence clinical outcomes.  Three branches of telehealth commonly 
reported in the literature for patients with chronic diseases include telemonitoring, telecoaching and 
telerehabilitation; these will be outlined in the following section. 
 
1.4.1 Telemonitoring  
Telemonitoring is an automated process of data transmission about a patient’s health status from the 
home to the healthcare facility (Pare et al., 2007).  For example, telemonitoring can be used to 
monitor patient’s physiological status (heart rate, blood pressure and weight) and clinical symptoms 
(chest pain, dyspnoea and oedema) at home via external monitoring devices or implantable 
cardiovascular devices, and thereby identify deteriorations in health (Chaudhry et al., 2007).  In 
recent years, telemonitoring has been shown to improve health outcomes for patients with CHD 
(Neubeck et al., 2009) and CHF (Inglis et al., 2015).  An effective form of telemonitoring in frail 
elderly patients and those with chronic conditions appears to be automated vital signs monitoring; 
this has been shown to reduce healthcare use and nursing phone follow-ups (Barlow et al., 2007).  
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This view is supported by other systematic reviews, which reported a significant reduction in all-
cause mortality, all-cause hospitalisation, and heart failure related hospital admissions through 
home telemonitoring and structured phone support in patients with CHF (Chaudhry et al., 2007; 
Elbert et al., 2014; Inglis et al., 2015).  There appears to be high patient satisfaction (Polisena et al., 
2010) and acceptance with telemonitoring (Elbert et al., 2014).   
 
In contrast with these systematic reviews, the evidence appears less convincing in some large 
telemonitoring studies.  For instance, the telemedical interventional monitoring in heart failure 
(TIM-HF) study investigated the effects of telemonitoring in 710 patients with CHF, and found no 
differences in mortality and heart failure hospitalisation rates between the intervention and control 
groups over a median follow-up of 26 months (Koehler et al., 2011).  In this study, data on 
physiological measurements (blood pressure, weight and electrocardiogram) were transferred daily 
via a personal digital assistant to physician-led telemedical centres that were active 24 hours per 
day, seven days per week (Koehler et al., 2011).  A possible factor contributing to the lack of 
between-group difference is the inclusion of stable low-risk patients who did not require recent 
hospitalisation.  Similarly, the telemonitoring to improve heart failure outcomes (Tele-HF) study 
examined the effects of an interactive voice response system (similar to a structured daily phone 
support) of 1,653 recently hospitalised patients with CHF, and also reported no between-group 
differences in mortality and readmission rates over six months (Chaudhry et al., 2010).  These 
authors postulate that poor compliance issues could have confounded the results, as 14% of 
participants never actually used the system at all, a further 10% were non-compliant by the end of 
the first week and only 55% of participants used the system at least three times a week by the end of 
the study (Chaudhry et al., 2010).  More recently, the remote management of heart failure using 
implantable electronic devices (REM-HF) study examined the effects of telemonitoring using 
implantable cardiac defibrillators and cardiac resynchronisation therapies in 1,650 patients across 
nine English hospitals, and showed found no between-group differences in any of the outcomes 
over a median follow-up of 2.8 years (Morgan et al., 2017).  Interestingly, results from these large 
telemonitoring studies appear somewhat contradictory to those in the meta-analyses, which may in 
part be explained by heterogeneity of included studies (such as patients with a varying risk profiles, 
follow-up durations, technology types and intervention intensities) and that some smaller studies 
were not specifically designed to show a mortality effect (Koehler et al., 2011).  Furthermore, the 
nature of the control group should be considered, as intensification of more traditional methods of 
delivering care, such as increased home or clinic visits, could mask the between-group differences 
(Inglis et al., 2015).  Although telemonitoring appears to have some benefits in patients with CHF, 
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it may not be appropriate for all patients and future research should identify the sub-group of 
patients who would benefit the most. 
 
1.4.2 Telecoaching  
Another model which has been used in the literature is telecoaching.  Telecoaching can be used to 
provide in-home support or advice on risk factor modifications via motivational text messaging 
(Frederix et al., 2015b) and coaching sessions over the telephone (Piamjariyakul et al., 2013).   
Telecoaching may utilise Interactive Health Communication Applications (IHCA) which are 
defined as computer-based, usually web-based, information packages for patients that combine 
health information with at least one of social support, decision support, or behaviour change support 
(Murray et al., 2005).  A Cochrane review of 28 studies involving 4,042 patients with chronic 
diseases concluded that these applications improved knowledge, social support, health behaviours 
and clinical outcomes (Murray et al., 2005).  Recently, mobile health technologies and web-based 
resources were used as an adjunct or alternative to cardiac rehabilitation and were reported to 
provide motivation to exercise (Pfaeffli Dale et al., 2015), increase daily steps (Devi et al., 2014) 
and reduce body weight in patients seeking secondary prevention of CHD (Widmer et al., 2017).  In 
contrast, a Cochrane review of 11 completed studies involving 1,392 patients with CHD could not 
draw firm conclusions on the effects of internet-based interventions for preventing clinical events or 
reducing cardiovascular risk factors (Devi et al., 2015).  These authors indicated that most 
interventions were broad, targeting lifestyle management of CHD and physical activity promotion, 
and the evidence was in general of low quality (Devi et al., 2015).  Future studies should strengthen 
the methodological quality through the use of assessor blinding, adequate follow-up and objective 
measures of physical activity levels. 
 
1.4.3 Telerehabilitation  
Over the past two decades, there has been an expansion of alternative rehabilitation service delivery 
models including home-based telerehabilitation.  Telerehabilitation is defined as the delivery of 
rehabilitation services at a distance via telecommunication technology (Russell, 2007).  These 
services may involve clinical assessment of the patient’s functional abilities and implementation of 
clinical therapy (Holland & Cox, 2017; Kairy et al., 2009).  Technologies used in telerehabilitation 
are similar to those used in telehealth, and may encompass phone, internet and video-based 
communications between the patient and healthcare provider (Hailey et al., 2011).  
Telerehabilitation has many potential benefits in promoting patient-centred care.  It may alleviate 
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the transport barrier by reducing travel time and cost in a way similar to other home-based 
programs.  Furthermore, telerehabilitation enables healthcare professionals to provide direct 
supervision, which may promote program attendance and foster chronic disease management 
similar to centre-based programs (Piotrowicz & Piotrowicz, 2013).  It is possible that 
telerehabilitation may benefit patients with CHF in a similar way to telemonitoring by checking 
stability of the patient’s health status, as well as facilitating exercise training (Piotrowicz, 2012).   
 
Telerehabilitation may also be delivered via video technologies to a group of patients within the 
home.  In a systematic review of 146 studies published between 1998 and 2008, over 70% of these 
studies used audio-video technologies such as phones and videoconferencing to deliver 
telerehabilitation (Rogante et al., 2010).  Video technologies can involve generic hardware such as 
computers and tablets, dedicated hardware such as Cisco videoconferencing, generic software such 
as Skype® and specialised software such as eHAB® (NeoRehab, Brisbane).  Video-based 
telerehabilitation is a new approach which enables real-time audiovisual communications.  For 
example, participants can demonstrate how they have been performing the exercises in their home 
environment; and the physiotherapist or exercise specialist can monitor the accuracy, modify and 
progress these exercises accordingly through practical demonstration.  This modality may also 
allow the delivery of group-based programs through multi-point videoconferencing, with the 
potential of peer support from other participants.   
 
In order to use telerehabilitation, participants need to have access to and use technological devices 
such as mobile phones, computers and tablets with an internet connection.  Although it is possible 
to use smartphones for videoconferencing, the smaller screen size may preclude its applicability in 
group-based programs compared with computers and tablets.  A recent Australian survey of 254 
patients attending pulmonary rehabilitation found that 92% of the participants were classified as 
technology engagers (personal access to and use of at least one technological device in their home), 
and 82% of these technology engagers accessed a computer or tablet device (Seidman et al., 2017).  
It is possible that a substantial number of patients with CHF are also technology engagers with 
access to a computer, similar to these patients attending pulmonary rehabilitation. 
 
There is growing evidence in the literature supporting the use of telerehabilitation.  In a systematic 
review of 28 studies of 1,064 patients with various physical disabilities, there were improvements in 
physical, functional and psychological measures following telerehabilitation interventions (Kairy et 
al., 2009).  Furthermore, outcomes from telerehabilitation were similar to face-to-face or other 
control interventions, and attendance and patient satisfaction rates were high with telerehabilitation 
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(Kairy et al., 2009).  However only eight of these studies were randomised controlled trials and the 
search was limited to studies published prior to 2007; an updated literature review is therefore 
required.  The authors of this review also recommended a combination of qualitative and 
quantitative approaches for future telerehabilitation research (Kairy et al., 2009).   
 
These encouraging findings of telerehabilitation are consistent with other systematic reviews.  For 
instance, there was a 71% success rate with telerehabilitation in patients with physical disabilities 
(Hailey et al., 2011), and no adverse event, hospitalisation, or mortality were reported during 
telemonitored exercise in patients attending cardiac and pulmonary rehabilitation programs (Chan et 
al., 2016).  There were also no differences in exercise outcomes between the telerehabilitation and 
control groups, except in exercise duration which slightly favoured the usual care control group 
(Chan et al., 2016).  However it is unclear which of these 61 studies were included in the review of 
patients with physical disabilities (Hailey et al., 2011), and some of the included studies used a 
control group that involved fewer staff contact hours compared with the intervention group, making 
a direct comparison difficult.  Other authors also warned that some of the included studies were of 
poor to moderate quality (Chan et al., 2016; Rogante et al., 2010), therefore findings should be 
interpreted with caution.  A systematic review of telerehabilitation in patients with cardiopulmonary 
diseases is described in the next chapter.  
 
1.5 Summary and thesis aims 
Exercise is a cornerstone intervention for patients with CHF.  There is strong evidence that exercise 
improves physical capacity, enhances health-related quality of life and reduces heart failure hospital 
readmissions (Ponikowski et al., 2016).  Despite compelling evidence for its benefits, many patients 
are unable to access traditional centre-based rehabilitation programs for several reasons, such as 
transport difficulties and program availability.  Telerehabilitation, in which telecommunication 
technologies are used to provide rehabilitation at a distance, is an alternative approach which may 
overcome some of these barriers.   
 
This thesis aimed to validate a new service delivery model in which telecommunication 
technologies were used to provide heart failure exercise-based rehabilitation programs into the 
home.  To achieve this aim, five studies were undertaken, using a range of methodologies as 
illustrated in Figure 1-1.  The thesis commences with a systematic review of existing literature on 
telerehabilitation for patients with cardiopulmonary diseases (Study 1).  This review was used to 
guide the design and implementation of telerehabilitation in patients with CHF.  The next study 
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aimed to determine the suitability of the timed up and go test (TUGT) as a functional outcome 
measure in heart failure rehabilitation programs (Study 2).  In addition, the validity and reliability of 
telerehabilitation assessments of functional tests including the TUGT were examined (Study 3).  A 
randomised controlled trial determined the feasibility and effectiveness of a home-based heart 
failure telerehabilitation program compared with a traditional centre-based program (Study 4).  
Outcome measures included measures of function, quality of life and attendance rate.  A mixed 
methods study was also conducted to determine patient experiences and perspectives related to the 
telerehabilitation program (Study 5).   
 
Specifically, this body of research aimed to: 
 undertake a systematic review on the effects of telerehabilitation compared with other 
interventions for improving physical or functional outcomes in patients with 
cardiopulmonary diseases (Study 1). 
 determine the reliability and concurrent validity of the TUGT in patients with CHF (Study 
2). 
 validate telerehabilitation assessments compared with face-to-face assessments in patients 
with CHF (Study 3). 
 determine the feasibility and effectiveness of delivering a group-based heart failure 
telerehabilitation program to patients in their homes (Study 4).  More specifically, this 
randomised controlled trial aimed to examine clinical effects of a video-based 
telerehabilitation program on functional capacity, muscle strength, quality of life and 
attendance rates in patients with CHF, compared with a traditional centre-based 
rehabilitation program. 
 determine patient experiences and perspectives related to a heart failure telerehabilitation 
program (Study 5). 
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Figure 1-1.  Thesis methodology diagram 
 
An outline of the five studies described in the thesis, with study methodologies and data analysis.  
Abbreviations: telerehab, telerehabilitation; TUGT, timed up and go test; 6MWD, six minute walk test distance. 
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Heart failure telerehab 
Study 1:  
Systematic review  
Study 2: 
Timed up and go test  
Study 3:  
Telerehab assessment 
Study 4:  
Telerehab intervention 
Study 5:  
Patient experiences and 
perspectives  
 A systematic review 
of the literature on 
telerehab in patients 
with cardiopulmonary 
diseases. 
 Inclusion of 
randomised controlled 
trials with physical or 
functional outcomes. 
 
 Conducted face-to-
face. 
 Test-retest reliability 
of the TUGT. 
 Concurrent validity 
including the 6MWD. 
 Best predictors of the 
TUGT. 
 
 Validity. 
 Inter- and intra-rater 
reliability. 
 
Tests examined: 
 TUGT. 
 6MWD. 
 Grip strength. 
 Randomised into 
either a 12-week heart 
failure telerehab 
program or traditional 
program. 
 Data collected at 
baseline, post-
program and 3-month 
follow-up. 
 Survey and interview 
on patient experiences 
and perspectives 
related to telerehab at 
post-program. 
 Downs & Black 
quality rating. 
 Correlation. 
 Multiple linear 
regression. 
 
 Correlation. 
 Limits of 
agreement. 
 Mixed methods 
with quantitative 
and qualitative 
analysis. 
 
 Non-inferiority. 
 Linear mixed 
model analysis. 
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1.6 Thesis structure 
The thesis is presented as an alternative thesis format.  This format is selected for its many benefits 
such as writing the thesis efficiently, disseminating the research findings timely and refining the 
writing skills throughout my higher degree by research journey.  The publication strategy reflected 
the goal of reaching a diverse range of audience, spanning across multiple areas including 
physiotherapy, nursing, cardiology and telehealth.    
 
The five listed publications have been inserted into the thesis as chapters.  Each chapter, with the 
exception of the introduction and discussion chapters, represents a manuscript accepted in peer-
reviewed journals.  Publication details and a short preamble have been added to the start of each 
chapter to provide a context for the study in relation to the overall thesis.  Similarly, a summary 
section has been added to the end of each chapter to link with subsequent chapters.  Tables and 
figures have been embedded within the text.  References are presented at the conclusion of the 
thesis.  Figure and table numbers, headings, page numbers, and general stylistic specifications have 
been adjusted to align with the guidelines set out by the American Psychological Association to 
maintain consistency throughout the thesis.  Australian English has been used throughout the thesis 
as well as Australian terms (e.g., physiotherapist).  An overview of the thesis structure is shown in 
Figure 1-2. 
 
Figure 1-2.  Overview of the thesis structure 
 
An overview of the thesis structure and relationships between the five studies.  
 
Heart failure telerehabilitation 
Study 1 (Chapter 2): 
Systematic review 
Study 3 (Chapter 4): 
Telerehabilitation assessment 
 
Study 4 (Chapter 5): 
Telerehabilitation intervention 
 
Study 2 (Chapter 3): 
Timed up and go test 
 
Study 5 (Chapter 6): 
Patient experiences and perspectives 
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Chapter 2  Systematic review  
 
The preceding chapter outlined the benefits of exercise-based rehabilitation programs for patients 
with chronic heart failure (CHF) and highlighted a need to develop alternative service delivery 
models to improve program uptake and adherence rates.  Telerehabilitation was proposed as an 
alternative service delivery model with the potential to address factors which limit attendance in 
traditional centre-based rehabilitation programs. 
 
This chapter explores the current literature on telerehabilitation and the evidence for its efficacy in 
patients with cardiopulmonary diseases.  As telerehabilitation is a relatively new area with the first 
paper emerging within the last 20 to 30 years (Frederix et al., 2015b; Hailey et al., 2011; Kairy et 
al., 2009; Rogante et al., 2010), we conducted a systematic review using a timeframe similar to a 
broad literature review on telerehabilitation (Rogante et al., 2010).  This chapter is comprised of a 
manuscript which has been published in the Journal of Cardiopulmonary Rehabilitation and 
Prevention.  Copyright permission has been obtained to reproduce this manuscript as the accepted 
manuscript version.  Heading formats, figures and table numbers have been altered from the 
original paper to ensure consistency throughout the thesis.  The paper has also been adapted from 
American-English to Australian-English to comply with the thesis formatting, and the reference list 
has been omitted with references for this chapter included in the reference list for the entire thesis.  
The referencing format is based the American Psychological Association 5th style.  As this 
systematic review was undertaken in 2013, recent studies which were published after the review 
have been incorporated in Chapter 7 discussion.   
 
Publication:   
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2015). A systematic review of 
the effects of telerehabilitation in patients with cardiopulmonary diseases. Journal of 
Cardiopulmonary Rehabilitation and Prevention, 35(6), 380-389, 
http://journals.lww.com/jcrjournal/Abstract/2015/11000/A_Systematic_Review_of_the_Eff
ects_of.2.aspx.  
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2.1 Abstract 
Purpose: To examine the effects of telerehabilitation compared with other treatments for improving 
physical or functional outcomes in patients with cardiopulmonary diseases. 
 
Methods: A search was undertaken for English language publications from 1990 to August 2013 
across four electronic databases and grey literature.  Inclusion criteria were: home-based 
telerehabilitation as a core component; at least two exercise sessions; randomised controlled trials; 
and reporting of physical or functional outcome measures in adult patients with coronary heart 
disease, chronic heart failure and chronic respiratory disease.  Studies were independently screened 
by two reviewers and graded by a reviewer according to the Downs and Black checklist.  A 
narrative synthesis of the included studies was undertaken. 
 
Results: 11 studies were analysed.  It appears that telerehabilitation is no different to other 
treatments in patients with cardiopulmonary diseases, in terms of exercise capacity expressed as 
distance on the 6 minute walk test and peak oxygen consumption, and quality of life.  
Telerehabilitation appears to have higher adherence rates compared with centre-based exercise.  
There has been similar or no adverse events reported in telerehabilitation compared with centre-
based exercise.   
 
Conclusions: While telerehabilitation shows promise in patients with cardiopulmonary diseases, 
compelling evidence is still limited.  There is a need for more detailed, high quality studies and for 
studies on the use of video-based telerehabilitation. 
 
2.2 Introduction 
Chronic diseases including cardiovascular diseases, cancer, chronic respiratory diseases and 
diabetes mellitus, are the leading cause of mortality in the world, representing 63% of all global 
deaths in 2008 (World Health Organisation, 2010).  In the United States, about half of all adults 
have one or more chronic diseases (Ward et al., 2014).  As more than half of all potentially 
preventable hospitalisations are from chronic diseases (Australian Institute Health and Welfare, 
2009), there is an urgent need to improve management of these conditions. 
 
Research over the past two decades has broadened our understanding of the value of exercise in the 
management of cardiopulmonary diseases.  For example, cardiac and pulmonary rehabilitation 
programs have been shown to be safe and effective (Smart & Marwick, 2004), with benefits 
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including enhanced quality of life (Davies et al., 2010; Lacasse et al., 2006), increased functional 
exercise capacity (Rees et al., 2004), reduced hospital re-admissions (Heran et al., 2011; Puhan et 
al., 2011) and reduced mortality (Puhan et al., 2011).  Traditionally, exercise for these patient 
populations has concentrated on supervised and centre-based programs (Taylor et al., 2010), 
however participation rates remain low (Reid et al., 2006).   
 
In an effort to improve participation rates, alternative models of care including home-based 
telerehabilitation have been explored.  Telerehabilitation is defined as the delivery of rehabilitation 
services via telecommunication technology (Russell, 2007), including phone, internet and 
videoconference communications between the patient and healthcare provider.  In recent years, 
telemonitoring (an automated process of data transmission about a patient’s health status from home 
to the respective healthcare setting) has been shown to improve health outcomes in patients with 
chronic diseases (Pare et al., 2007) including coronary heart disease (CHD) (Neubeck et al., 2009), 
cystic fibrosis (Cox et al., 2012) and chronic obstructive pulmonary disease (COPD) (Dinesen et al., 
2012).  Similar success has also been demonstrated in interactive health communication 
applications for people with chronic diseases, which has been shown to improve users’ knowledge, 
social support, health behaviours and clinical outcomes (Murray et al., 2005).  It is possible that 
telerehabilitation may benefit people with cardiopulmonary diseases in similar ways as 
telemonitoring and interactive health communication applications. 
 
The aim of this systematic review was to present the available literature and determine if 
telerehabilitation was effective for improving physical or functional outcomes in patients with 
cardiopulmonary diseases. 
 
2.3 Methods 
Electronic databases were searched for relevant studies published between 1990 and August 2013, 
including Ovid MEDLINE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), 
Cochrane Controlled Trials Register and Physiotherapy Evidence Database (PEDro).  Grey 
literature and reference lists from relevant articles were also reviewed to identify additional articles.  
The search terms used are listed in Table 2-1, with limits applied as English, adults, clinical trials 
and publications after 1990.   
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Table 2-1.  Literature review search terms. 
A combination of search terms in the following three categories was used, with limits applied as 
English, all adults, clinical trials and publications after 1990.  
Category Search terms 
1 Cardiovascular disease, cardiac, heart failure, cardiac failure, CHF, CCF, coronary heart 
disease, cardiomyopathy, lung disease, pulmonary disease, pulmonary condition, 
asthma, cystic fibrosis, chronic obstructive pulmonary disease, COPD, chronic disease 
OR chronic condition. 
2 Telemedicine, ehealt*, Tele*, e-health OR Health technology. 
3 Exercise, rehabilitation, physiotherapy OR physical therapy. 
1, 2 AND 3. 
 
 
Studies were included if they had home-based telerehabilitation as a core component (where at least 
50% patient-provider contact was delivered by telephone, videoconference or web-based 
intervention) and encompassed at least two exercise sessions.  Other inclusion criteria included the 
reporting of at least one physical or functional outcome measure in patients with CHD, CHF or 
chronic respiratory disease.   
 
Studies were excluded on the following criteria: the age of participants <18 years; no human 
involvement; published in non-English language; published before 1990; not a randomised 
controlled trial; or mixed model intervention with combined centre-based and telerehabilitation 
interventions.  Studies investigating the reliability or effectiveness of home monitoring equipment 
which did not encompass an exercise component were excluded.  Other exclusion criteria included 
conference and abstract presentations.   
 
Titles and abstracts of potential papers were extracted so that reviewers were blinded to authors and 
journals.  These titles and abstracts were independently screened by two reviewers (RH and JB) to 
identify relevant studies.  Conflict was resolved after discussion between two reviewers and any 
unresolved disagreements were arbitrated by a third reviewer (TR).  When two or more studies 
clearly resulted in multiple publications, the study with the longest follow-up and largest sample 
was included.  Full copies of relevant papers were retrieved and screened by two reviewers (RH and 
JB) according to the inclusion and exclusion criteria.  In the event of missing or ambiguous data, 
authors of relevant papers were contacted to determine eligibility status and seek missing data.  
Data were extracted for analysis, pertaining to study design, subject numbers, study population, 
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study outcomes, as well as description of the program and technology used in the delivery of 
telerehabilitation.  This data extraction process was undertaken by a reviewer (RH) and re-
confirmed by the same reviewer after a fortnight period to ensure the accuracy of data extraction.   
 
The Downs and Black (1998) checklist was used by a reviewer (RH) to determine methodological 
quality of included studies.  Studies were assessed against 27 items, which evaluated reporting, 
external validity, bias, confounding and power.  As per previous methodology (Filbay et al., 2014), 
item 27 relating to power calculation was dichotomised to answer yes or no.  Possible total scores 
range from zero to 28.  This checklist has been shown to have high internal consistency, good test-
retest and inter-rater reliability, and good face and criterion validity (Downs & Black, 1998).  To 
ensure reliability of the scoring process, the reviewer (RH) benchmarked against a published 
systematic review (Cox et al., 2012) for three papers and achieved greater than 80% consistency in 
scoring.   
 
Quantitative analysis of included studies was performed using The Mix Program, version 1.7 (Bax 
et al., 2006).  This analysis provided the mean weighted difference of change observed between the 
telerehabilitation and control groups, as well as 95% confidence intervals (CI) for all continuous 
data.  For each outcome, heterogeneity was evaluated by applying the Cochran Q test (Higgins et 
al., 2003).  In the absence of heterogeneity, the reviewers intended to use a fixed effects model in 
the meta-analysis.  If substantial heterogeneity (p<0.05) was detected, the reviewers investigated 
potential underlying factors and used a random effects model with cautious interpretation.  Results 
were considered significant when p<0.05.  A narrative synthesis of the included articles was 
undertaken.  This refers to a process in which a narrative approach where the findings are 
summarised and explained in words, is used to synthesise evidence extracted from multiple studies 
(Mays et al., 2005).  Results were tabulated and presented as forest plots. 
 
This systematic review is registered with the international prospective register of systematic 
reviews (PROSPERO registration number: CRD42014008680) and based on the preferred 
reporting items for systematic reviews and meta-analysis: the PRISMA statement (Moher et al., 
2009). 
 
2.4 Results 
The search yielded 389 potentially relevant papers.  After duplication removal and record screening 
of abstract and title, 39 full-text papers were retrieved.  Of these, 11 papers were retained for final 
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analysis.  The flow chart on study selection is presented in Figure 2-1.   
 
Due to the small number of studies, a meta-analysis was unable to be performed and a narrative 
synthesis is presented.  Included studies are shown in Table 2-2 and a quality appraisal in Table 2-3.  
The majority of studies scored well on the Downs and Black (1998) checklist.  Scores ranged from 
seven to 24 out of 28.  In all studies, it was difficult to achieve subject blinding due to the nature of 
the telerehabilitation intervention.  Assessor blinding, concealed allocation and adequate power 
were also inconsistently reported.  External validity was generally poorly reported, with most 
studies providing insufficient information on generalisablility of study results.  For instance, some 
studies only recruited male patients (Sparks et al., 1993) with mild to moderate disease severity 
(Salvetti et al., 2008).  
 
Five included studies involved patients with CHD, four with CHF and two with respiratory 
diseases.  A total of 908 individuals with cardiopulmonary diseases were involved across all studies 
and the proportion of males was 73.8%.  The mean age (SD) of participants in the telerehabilitation 
group was 58.1 (6.1) and 59.3 (5.2) years in the control group.  All studies reported no significant 
baseline differences between the telerehabilitation and control group in terms of age, gender, 
disease severity and pharmacotherapy. 
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Figure 2-1.  PRISMA flowchart on the results of literature search. 
Records identified through database searching   
 (n=374) 
Additional records identified through hand 
searching of references and grey literature. 
(n=15) 
Records after duplicates removed 
(n=245) 
Duplicates removed 
(n=144) 
Records screened  
 (n=245) 
Full-text articles assessed for eligibility 
(n=39) 
Records excluded after 
title and abstract 
screening  
(n=206) 
 n=99 with titles 
 n=107 with 
abstracts 
Records excluded after 
full-text articles 
reviewed 
(n=28) 
 n=11 non-RCTs 
 n=4 mix-model 
intervention 
 n=13 without 
telerehabilitation as 
core component Studies included in narrative synthesis 
(n=11) 
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Abbreviations: n, number; PRISMA, preferred reporting items for systematic reviews and meta-
analysis; RCT, randomised controlled trial. 
 
 
 21 
Table 2-2.  Characteristics of included studies.  
Authors Year Quality 
score (/28) 
Study 
design  
Patient 
characteristics 
Study 
location 
Delivery of 
interventions 
Telerehabilitation 
exercise 
Other telerehabilitation 
components 
Arthur et 
al.  
2002 24 RCT CHD Canada Phone 24/52, 5 session/week and 
60-70 min/session. 
Similar access to nutritional 
counselling, risk factor 
management and psychological 
intervention. 
Aerobic (walking at 60-
70% VO2peak). 
Brubaker 
et al.  
2000 24 RCT CHD USA Phone 36/52, 3-5 session/week 
and 30-40 min/session. 
Similar access to baseline 
assessment, nutritional 
counselling, risk factor 
management and psychological 
intervention prior to enrolment. 
Aerobic (cycling or 
walking at 50-75% HRR). 
Chien et 
al. 
2011 20       RCT CHF Asia Phone 8/52, 3 session/week and 
30 min/session. 
Unclear if access was available 
for other non-exercise 
interventions. Combined aerobic (unclear 
walking intensity) and 
strength. 
Maltais et 
al. 
2008 27 RCT Respiratory Canada Phone 8/52, 3 session/week and 
55-70 min/session.  
Similar access to a 4/52 self-
management education program 
(breathless management, energy 
conservation, action plan, 
medication, psychological 
intervention and physical 
activity) prior to exercise 
training. 
Combined aerobic (cycling 
at 60-80% maximum work 
rate) and strength. 
Oh  2003 16 RCT Respiratory Asia Phone 8/52, unclear exercise 
frequency, dose and 
Similar access to education on 
pathophysiology, treatment 
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Authors Year Quality 
score (/28) 
Study 
design  
Patient 
characteristics 
Study 
location 
Delivery of 
interventions 
Telerehabilitation 
exercise 
Other telerehabilitation 
components 
intensity. options, medication, energy 
conservation, bronchial hygiene 
and nutritional counselling. 
Combined aerobic and 
strength. Inspiratory 
muscle training also 
included. 
Oka et al. 2000 20 RCT CHF USA Phone 12/52, 3 session/week and 
40-60 min/session. 
Unclear if access was available 
for other non-exercise 
interventions. Combined aerobic 
(walking at 70% HRmax) 
and strength (75% 1RM). 
Piotrowicz 
et al.   
2010 23 RCT CHF Europe Phone and 
ECG 
8/52, 3 session/week and 
20-45 min/session. 
Similar access to psychological 
intervention and education. 
Aerobic (walking in 
telerehabilitation group and 
cycling in control group at 
40-70% HRR and 11 RPE). 
Salvetti et 
al.  
2008 21 RCT CHD Brazil Phone 12/52, 3 session/week and 
30 min/session. 
Access to education on risk factor 
management and exercise. 
Unclear if control group had 
access to similar education. 
Aerobic (walking at 60-
80% HRmax). 
Servantes 
et al.   
2011 25 RCT CHF Brazil Phone 12/52, 3-4 session/week 
and 50-65 min/session. 
Access to education on risk factor 
management and exercise. 
Unclear if control group had 
access to similar education. 
Combined aerobic 
(walking at ±10 HR within 
anaerobic threshold) and 
 23 
Authors Year Quality 
score (/28) 
Study 
design  
Patient 
characteristics 
Study 
location 
Delivery of 
interventions 
Telerehabilitation 
exercise 
Other telerehabilitation 
components 
strength (30-40% of 1RM 
and 12-16 repetitions). 
Sparks et 
al. 
1993 16 RCT CHD USA Phone and 
ECG 
12/52, 3 session/week and 
60 min/session. 
Similar access to nutrition, 
medication and physical activity 
counselling. Aerobic (cycling at 60-
75% maximum HRR). 
Squires et 
al. 
1991 7 ? Quasi-
experiment
al with 
control 
group 
CHD USA Phone and 
ECG 
1 to 3 session/week and 30-
50 min/session. 
Unclear if access was available 
for other non-exercise 
interventions. Aerobic. Unclear about 
exercise intensity. 
Abbreviations: CHD, coronary heart disease; CHF, chronic heart failure; ECG, electrocardiograph; HR, heart rate; HRmax, maximum heart rate; HRR, 
heart rate reserve; min, minute; RCT, randomised controlled trial; RM, repetition maximum; RPE, rate of perceived exertion; USA, United States of 
America; VO2peak, peak oxygen consumption. 
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Table 2-3.  Methodological quality of included studies.  
Items on Downs and Black 
check list 
Arthur 
et al. 
2002  
Brubaker 
et al. 
2000  
Chien et 
al. 2011  
Maltais 
et al. 
2008  
Oh 
2003   
Oka et 
al. 
2000  
Piotrowicz 
et al. 2010  
Salvetti 
et al. 
2008  
Servantes 
et al. 2011  
Sparks 
et al. 
1993  
Squires 
et al. 
1991  
1. Hypothesis/aims Y Y Y Y Y Y Y Y Y Y Y 
2. Identify main outcomes Y Y Y Y Y Y Y Y Y Y N 
3. Patient characteristics Y Y Y Y Y Y Y Y Y Y N 
4. Description of intervention Y Y Y Y Y Y Y Y Y Y N 
5. List of confounders Y Y Y Y Y Y Y Y Y Y partially 
6. Description of main finding Y Y Y Y Y Y Y Y Y Y N 
7. Estimates of data variability Y Y Y Y Y Y Y Y Y N N 
8. Adverse events N Y Y Y N Y Y Y Y N Y 
9. Lost to follow-up Y Y Y Y Y Y Y Y Y N N 
10. Probability values Y N N Y Y Y Y Y Y N N 
11. Representative sample - 
potential 
U/A Y U/A Y U/A U/A Y N Y N U/A 
12. Representative sample - actual U/A Y U/A Y U/A U/A Y U/A Y U/A N 
13. Treatment location 
representative of usual 
Y Y Y Y Y Y U/A U/A Y Y U/A 
14. Subject blinding N N N N N N N N N N N 
15. Assessor blinding Y Y U/A Y U/A U/A U/A U/A Y U/A U/A 
16. Data dredging Y Y Y Y Y Y Y Y Y Y Y 
17. Analysis adjusted for follow-
up 
Y Y Y Y U/A Y Y Y Y Y U/A 
18. Appropriate statistical tests Y Y Y Y Y Y Y Y Y Y U/A 
19. Reliable intervention Y Y U/A Y U/A Y Y Y Y Y Y 
 25 
Items on Downs and Black 
check list 
Arthur 
et al. 
2002  
Brubaker 
et al. 
2000  
Chien et 
al. 2011  
Maltais 
et al. 
2008  
Oh 
2003   
Oka et 
al. 
2000  
Piotrowicz 
et al. 2010  
Salvetti 
et al. 
2008  
Servantes 
et al. 2011  
Sparks 
et al. 
1993  
Squires 
et al. 
1991  
compliance 
20. Accurate outcome measures Y Y Y Y Y Y Y Y Y Y U/A 
21. Intervention and control from 
same population 
Y Y Y Y Y Y Y Y Y Y Y 
22. Recruitment over common 
period 
Y Y U/A Y U/A U/A Y Y Y U/A U/A 
23. Randomised Y Y Y Y Y Y Y Y Y Y U/A 
24. Concealed allocation Y N U/A Y U/A U/A U/A Y Y U/A U/A 
25. Adjustment for confounders Y Y Y Y U/A U/A Y U/A N U/A U/A 
26. Considered loss to follow-up Y Y Y Y U/A N Y Y Y Y Y 
27. Adequate power Y N Y Y N N N N N N N 
Total score 24 24 20 27 16 20 23 21 25 16 7 
Abbreviations: N, no; Y, yes; U/A, unable to determine. 
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Program duration of included studies ranged from eight to 36 weeks; frequency ranged from one to 
five sessions per week.  Six studies used aerobic training and the remaining five studies used 
combined aerobic and strength training.  The majority of included studies used phone 
communications between the patient and healthcare provider.  Most included telerehabilitation 
studies encompassed the recommended core components of cardiac rehabilitation programs, 
including baseline assessment, nutritional counselling, risk factor management, psychological 
intervention, physical activity counselling and exercise training (Balady et al., 2007).  
 
Primary outcome measures included physical or functional measures such as distance on the six 
minute walk test (6MWD) in metres and peak oxygen consumption (VO2peak) in millilitres per 
kilogram of body mass per minute (mL/kg/min).  In one study (Brubaker et al., 2000), VO2peak 
was reported in metabolic equivalent of task (MET) and this was converted to mL/kg/min during 
analysis.  Secondary clinical outcome measures included: quality of life; clinical process measures 
such as adherence rates and proportion of adverse events; and costs. 
 
6MWD 
There are conflicting results on the effects of telerehabilitation on 6MWD.  As demonstrated in 
Figure 2-2, there was no significant difference in post-program 6MWD between telerehabilitation 
and no intervention group in patients with CHF (Chien et al., 2011).  It is unclear if other 
recommended core components of cardiac rehabilitation program were incorporated in this 
telerehabilitation program.  However when considering the amount of improvement compared with 
baseline, Chien and colleagues (2011) found a significant difference (95% CI) between 
telerehabilitation and no intervention group of 21 (7 to 36) metres.  This is supported by another 
study on the effects of pulmonary rehabilitation, which also found an improvement of 40.6 metres 
in telerehabilitation compared with a deterioration of 27.3 metres in no intervention group (Oh, 
2003).   
 
Similar results were reported when comparing telerehabilitation with centre-based programs in 
patients with CHF (Piotrowicz et al., 2010).  Interestingly in this study by Piotrowicz and 
colleagues (2010), the amount of 6MWD improvement compared with baseline was significantly 
greater in the centre-based than telerehabilitation group.  In contrast for patients with COPD, there 
was no significant difference in the 6MWD improvement between centre-based and 
telerehabilitation exercise, at completion and 1 year follow-up (Maltais et al., 2008).  
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Figure 2-2.  Forest plot of the mean difference in post-program 6 minute walk test distance (in metres).  
Telerehab Control Weight Mean difference
Study Year n/Mean/SD n/Mean/SD (%) with 95% CI
Chien et al. 2011 24/433/145 27/429/93 14.00% 4 (-63.79  to  71.79)
Oh 2003 15/391.31/68.63 8/332.78/55.93 23.00% 58.53 (6.49  to  110.57)
Piotrowicz et al. 2010 75/462/91 56/462/92 63.00% 0 (-31.7  to  31.7)
-100 -50 0 50 100 150
MD
S
tu
d
ie
s
 
Abbreviations: CI, confidence interval; MD, mean difference; n, number of subjects; SD, standard deviation. 
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Figure 2-3.  Forest plot of the mean difference in post-program peak oxygen consumption (in mL/kg/min). 
Telerehab Control Weight Mean difference
Study Year n/Mean/SD n/Mean/SD (%) with 95% CI
Arthur et al. 2002 120/18.26/7.51 122/18.1/7.19 21.00% 0.16 (-1.7  to  2.01)
Brubaker et al. 2000 16/32.55/10.5 15/31.85/11.55 8.00% 0.7 (-7.09  to  8.49)
Oka et al. 2000 12/18.89/4.69 12/19/3.82 17.00% -0.11 (-3.53  to  3.31)
Piotrowicz et al. 2010 75/19.7/5.2 56/19/4.6 21.00% 0.7 (-0.98  to  2.38)
Salvetti et al. 2008 19/31.7/8.1 20/26.8/7.2 14.00% 4.9 (0.08  to  9.72)
Servantes et al. 2011 17/20.9/4.2 11/12.8/3.2 19.00% 8.1 (5.35  to  10.85)
-10 -5 0 5 10 15
MD
S
tu
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ie
s
 
Abbreviations: CI, confidence interval; MD, mean difference; n, number of subjects; SD, standard deviation. 
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VO2peak  
There are also inconsistent results on the effects of telerehabilitation on VO2peak.  Two studies 
found no significant difference in post-program VO2peak between telerehabilitation and no 
intervention in patients with cardiac conditions (see Figure 2-3) (Brubaker et al., 2000; Oka et al., 
2000).  Conversely, some studies found a significant improvement in VO2peak following 
telerehabilitation for patients with cardiac conditions, whereas no intervention group showed a 
decline (Salvetti et al., 2008; Servantes et al., 2011).  Factors contributing to this discrepancy 
remain unclear.  However, an overall 30% drop-out rate was observed in one study (Oka et al., 
2000), compared to 10% in another study (Servantes et al., 2011).  Studies which compared 
telerehabilitation and centre-based exercise, found no significant difference in VO2peak between 
groups of patients with cardiac conditions (Arthur et al., 2002; Piotrowicz et al., 2010).   
 
Quality of life 
Some studies used a generic tool to assess quality of life (Arthur et al., 2002; Piotrowicz et al., 
2010; Salvetti et al., 2008), while others used a disease-specific tool (Chien et al., 2011; Oh, 2003; 
Oka et al., 2000; Servantes et al., 2011).  In general, it appears the telerehabilitation group improved 
significantly from baseline in quality of life for patients with cardiac (Chien et al., 2011; Oka et al., 
2000; Salvetti et al., 2008; Servantes et al., 2011) and respiratory conditions (Maltais et al., 2008; 
Oh, 2003).  For example, when considering the amount of improvement in quality of life compared 
with baseline, the difference (95% CI) between telerehabilitation and no intervention was seven (1 
to 12) points on the 105-point Minnesota living with heart failure questionnaire (Chien et al., 2011).  
However, there was no difference between telerehabilitation and centre-based exercise in patients 
with CHF (Piotrowicz et al., 2010).  Interestingly, telerehabilitation demonstrated a significantly 
greater improvement in physical composite score on the Short Form-36 and perceived social 
support than centre-based exercise group after coronary artery bypass surgery (Arthur et al., 2002).  
This is consistent with a pulmonary rehabilitation study by Maltais and colleagues (2008), which 
found both telerehabilitation and centre-based exercise, were associated with statistically and 
clinically significant improvements in the Chronic Respiratory Questionnaire dyspnoea score post-
program.  The improvement reached the minimum clinically important difference in 
telerehabilitation and not in centre-based exercise at 1 year (Maltais et al., 2008). 
 
Adherence 
Some studies reported adherence as the number of times exercised per week, while others presented 
the data as proportion of sessions attended.  Most studies measured adherence via self-reported 
activity logbooks and phone follow-ups.  In general, telerehabilitation appears to have higher 
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adherence rates than centre-based exercise (Arthur et al., 2002; Piotrowicz et al., 2010; Sparks et 
al., 1993).  For example, in a study by Arthur and colleagues (2002), patients in the 
telerehabilitation group self-reported exercising an average number of 6.5 times per week, 
compared with 3.7 times in a centre-based group.  Similarly in a study by Piotrowicz and colleagues 
(2010), all patients in a telerehabilitation group completed the exercise program, whereas 79% 
completed a centre-based program.  It appears that adherence slowly declined over time, and higher 
adherence was observed for endurance compared with resistance exercise (Oka et al., 2000).   
 
Adverse events 
Some studies reported no exercise-related adverse events in the telerehabilitation group (Brubaker 
et al., 2000; Chien et al., 2011; Oka et al., 2000; Salvetti et al., 2008; Servantes et al., 2011), while 
others have reported comparable adverse events between telerehabilitation and centre-based 
exercise (Maltais et al., 2008; Piotrowicz et al., 2010).  Reported adverse events in small numbers 
of participants include hypertension, new arrhythmia (including atrial fibrillation, premature 
ventricular contractions and supraventricular contractions), angina (Sparks et al., 1993; Squires et 
al., 1991) and exacerbation of COPD (Maltais et al., 2008).  This may reflect increased monitoring 
used at home, rather than the exercise. 
 
Healthcare utilisation 
Only one study reported cost as an outcome.  In a low-cost telerehabilitation program without 
electrocardiogram monitoring in Brazil, the cost per patient was US$502.71 for three months 
(Salvetti et al., 2008).  Cost for the no intervention group was not reported.   
 
Muscle strength 
There is very limited evidence regarding effects of telerehabilitation on muscle strength.  Muscle 
strength and endurance was preserved or even improved with telerehabilitation in patients with 
CHF, whereas there was a small decline in no intervention group (Servantes et al., 2011). 
 
2.5 Discussion 
The aim of this systematic review was to examine the effects of telerehabilitation in patients with 
cardiopulmonary diseases.  The majority of included studies were not primarily designed to 
examine the effects of real-time telerehabilitation, but rather to assess effects of home-based 
exercise delivered by phone communications.  There is currently a lack of video-based 
telerehabilitation programs for patients with cardiopulmonary diseases. 
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Telerehabilitation is generally associated with an improvement compared with baseline, in terms of 
exercise capacity (6MWD and VO2peak) and quality of life in patients with cardiopulmonary 
diseases.  The literature suggests that the outcomes from a telerehabilitation delivered program are 
not different to centre-based programs, for 6MWD (Maltais et al., 2008), VO2peak (Arthur et al., 
2002; Piotrowicz et al., 2010) and quality of life (Piotrowicz et al., 2010).  However there are some 
discrepancies between studies and factors contributing to inconsistent VO2peak results remain 
unclear.  Exercise intensity, exercise mode, program duration, phone communications and initial 
period of familiarisation appear to be similar across reviewed studies.  However, there appears to be 
a difference in drop-out rate where 30% was observed in one study (Oka et al., 2000) compared to 
10% in another study (Servantes et al., 2011).  Another possible reason for lack of group difference 
is one study focused on the effects of maintenance exercise after completion of a centre-based 
cardiac rehabilitation program (Brubaker et al., 2000). 
 
Telerehabilitation also appears to be at least as effective as centre-based exercise in terms of other 
outcomes.  For instance telerehabilitation is associated with higher adherence rates compared with 
centre-based exercise (Arthur et al., 2002; Piotrowicz et al., 2010; Sparks et al., 1993).  Although 
there is no difference between telerehabilitation and centre-based exercise in the number of adverse 
events, careful patient selection and close monitoring in the early phase is important to minimise 
adverse events in telerehabilitation (Piotrowicz et al., 2010). 
 
The use of telecommunication technologies in the delivery of exercise rehabilitation programs for 
patients with cardiopulmonary diseases are emerging.  Innovative telerehabilitation studies in 
patients with COPD (Holland et al., 2013b) and CHD (Walters et al., 2010) may shed further light 
on the effects of telerehabilitation compared with traditional centre-based exercise.   
 
Implications for clinical practice 
Telerehabilitation appears to be a feasible alternative to traditional centre-based exercise for 
patients with cardiopulmonary diseases, and there are various recommendations for successful 
delivery of these programs.  Some recommendations include risk stratification, observation of 
exercise contraindications, education, consideration of concomitant device therapy such as cardiac 
resynchronisation therapy, individualised training and presence of an accompanying person during 
exercise (Piotrowicz, 2012).  Monitoring such as transtelephonic exercise monitoring has been used 
in some studies (Sparks et al., 1993; Squires et al., 1991), however continuous electrocardiographic 
monitoring is not necessarily required for low to moderate risk patients, and is unable to reduce 
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cardiovascular events (Carlson et al., 2000).  Some studies advocate an initial home visit to identify 
exercise barriers within the home setting and to develop strategies to overcome these barriers 
(Brubaker et al., 2000).  Regular contact with health professionals such as phone contact can also be 
useful to identify changes in medical status, provide reinforcement for self-management behaviours 
and promote exercise adherence (Arthur et al., 2002; Salvetti et al., 2008).  Similarly, follow-up 
assessments with the health professional may motivate patients to maintain their exercise levels 
(Brubaker et al., 2000).  Activity logs can be used to provide self-reported exercise adherence 
(Brubaker et al., 2000) which can be verified through objective tools (Oka et al., 2000).  It is 
unclear which of these recommendations are most effective in contributing to the success of 
telerehabilitation.  
 
Implications for research 
As this is a relatively new area of research, there are few studies in each disease area and the 
majority used phone-based telerehabilitation.  The feasibility of delivering video-based 
telerehabilitation in this patient group should be investigated.  Future studies should strengthen the 
methodological quality through the use of assessor blinding, concealed allocation and adequate 
power.  External validity should be addressed to enhance generalisability of results.  Future research 
should report both within-group improvements from baseline, as well as between-group differences 
between telerehabilitation and centre-based exercise, to enable clinicians to easily identify the most 
effective intervention.   
 
Limitations 
This systematic review has some limitations.  Search criteria were limited to randomised controlled 
trials published in English, which could predispose to publication bias.  Another limitation is the 
exclusion of studies which did not report a physical or functional outcome measure.  The control 
group was also not limited to one type, making comparison with telerehabilitation difficult.  Some 
control groups received education and no active exercise interventions, while others received 
centre-based exercise.   
 
2.6 Conclusion 
Telerehabilitation appears to be effective in patients with cardiopulmonary diseases.  However with 
only a small number of studies reporting outcomes on physical or functional measures, clinical 
processes and costs, and with some conflicting findings emerging, compelling evidence supporting 
broad implementation of telerehabilitation is still limited.  There is also a need for studies which 
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include video-based telerehabilitation.  Telerehabilitation appears to be a promising alternative to 
traditional centre-based exercise, depending on patient preference, which may help to increase 
program uptake. 
 
2.7 Summary 
Telerehabilitation appears to be a promising alternative to traditional centre-based rehabilitation 
programs in patients with cardiopulmonary diseases.  In particular, telerehabilitation has been 
shown to improve exercise capacity and quality of life compared with baseline in these patient 
groups and has higher adherence rates compared with traditional centre-based programs.  There has 
been similar or no adverse events reported in telerehabilitation compared with centre-based 
programs.  However the majority of research is focussed on phone-based telerehabilitation and 
further research on video-based telerehabilitation is warranted.  Video-based telerehabilitation 
enables synchronous audiovisual communications, and offers an opportunity to assess functional 
exercise capacity via telehealth.  The next step is to identify appropriate functional tests which can 
be used for telerehabilitation assessments in patients with CHF.  This will be the focus of the next 
two chapters which examine the reliability and validity of functional tests including the timed up 
and go test. 
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Chapter 3  Timed up and go test 
 
The previous chapter described a systematic review on telerehabilitation in patients with 
cardiopulmonary diseases.  Telerehabilitation appears to be a promising alternative to traditional 
centre-based rehabilitation programs.  However, suitable outcome measures are required to 
determine the effects of a telerehabilitation program.  A possible outcome measure which may be 
undertaken via telerehabilitation is the timed up and go test (TUGT).  The TUGT is a quick and 
easy-to-administer functional test which reflects important daily physical functions, such as the 
ability to rise from a chair and walk around the house.  As many patients with chronic heart failure 
(CHF) are elderly and more than 70% frail (McNallan et al., 2013; Newton et al., 2016), practical 
outcome measures such as the TUGT may be appropriate.  A key advantage of the TUGT is that it 
requires only a small amount of space, making it a suitable measure within home and clinic 
environments with space constraints.  These characteristics suggest that the TUGT may be an 
appropriate functional test for telerehabilitation assessments.  By undertaking the assessments 
remotely, this novel approach has the potential to improve access and to reduce travel and waiting 
times for heart failure rehabilitation programs.  These time savings may increase patient attendance 
rates.  However, there is a need to validate the TUGT in the face-to-face environment for patients 
with CHF, prior to validating it via telerehabilitation.  
   
This chapter describes the reliability and validity of the TUGT in patients with CHF.  It is 
comprised of a manuscript which has been published in the Journal of Cardiac Failure and 
encompasses additional work that was not part of the published manuscript.  Specifically, the 
results and discussion surrounding standard error of measurement and minimal detectable change at 
95% confidence interval have been expanded to include Table 3-2.  Additional information on the 
untransformed TUGT data and normative values are provided in Appendix 9.5 and Appendix 9.6 
respectively.  Both headings and referencing formats have been altered from the original paper to 
ensure consistency throughout the thesis.  The reference list has also been omitted with references 
for this chapter included in the reference list for the entire thesis.  The chapter has also been adapted 
from American-English to Australian-English to comply with the thesis formatting.  Copyright 
permission has been obtained to reproduce this manuscript as the accepted manuscript version. 
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Publication: 
Hwang, R., Morris, N. R., Mandrusiak, A., Mudge, A., Suna, J., Adsett, J., et al. (2016). Timed up 
and go test: a reliable and valid test in patients with chronic heart failure. Journal of Cardiac 
Failure, 22(8), 646-650, http://www.onlinejcf.com/article/S1071-9164(15)01124-0/abstract.    
 
3.1 Abstract 
Background: The TUGT is a short-duration functional test, frequently used in rehabilitation 
settings as a measure of balance and mobility.  Reliability and validity for patients with CHF has 
yet to be determined.  This prospective cohort study aimed to determine: test-retest reliability of the 
TUGT in patients with CHF; relationships between the TUGT and other variables including 
functional tests; and predictors of the TUGT. 
 
Methods: Secondary analysis of data collected in a multi-centre randomised controlled trial of 
exercise training in recently hospitalised patients with heart failure (EJECTION-HF).  The TUGT 
was conducted twice at baseline to determine reliability.  Assessments were compared to six minute 
walk distance (6MWD), 10 metre walk test time, and other clinical variables.  Intra-class correlation 
coefficient (ICC) was used to determine test-retest reliability and correlations for relationships with 
other variables.  A multiple regression was used to identify predictors of the TUGT. 
 
Results: In 278 participants (mean age 62 years), the TUGT demonstrated excellent within-day 
test-retest reliability (ICC=0.93).  A shorter (better) TUGT time was associated with longer 6MWD 
(r=-0.81, p<0.001) and shorter 10 metre walk test time (rs=0.80, p<0.001).  Best predictors of the 
TUGT were 6MWD and age, which accounted for 66% of the variance.   
 
Conclusions: The TUGT appears to be a reliable and valid functional measurement in patients with 
CHF.   
 
3.2 Introduction 
Exercise is an effective intervention for people with CHF (Ades et al., 2013).  An outcome measure 
frequently used in heart failure exercise programs is the six minute walk test (6MWT), a sub-
maximal measure of functional exercise capacity requiring a 30 metre track (Holland et al., 2014).  
Although the 6MWT may be suitable for younger patients with fair exercise capacity, it may not be 
the best measure for some patients with CHF, as this patient group often have multiple co-
morbidities, frailty (McNallan et al., 2013) and tend to fall (Kuys et al., 2013).  Additionally, as 
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centre-based programs are inaccessible to many, approaches that can be administered in alternative 
environments including the home should be considered. 
 
The TUGT is a functional test which may be suitable in the home-setting.  This test assesses 
mobility and balance; requires minimal equipment; is quick and easy to administer (Podsiadlo & 
Richardson, 1991); and has been shown to be valid and reliable in the elderly (Podsiadlo & 
Richardson, 1991; Steffen et al., 2002) and other patient groups (Bellet et al., 2013; Mesquita et al., 
2013).   
 
The aims of this study were to: determine the test-retest reliability of the TUGT in patients with 
CHF; assess concurrent validity of the TUGT through comparison with other variables including 
the 6MWT and 10 metre walk test; and report the best predictors of the TUGT.  We hypothesised 
that the TUGT would be reliable and valid in patients with CHF. 
 
3.3 Methods 
Settings and participants 
This investigation is a secondary analysis of baseline data collected from participants enrolled in the 
Exercise Joins Education: Combined Therapy to Improve Outcomes in Newly-discharged Heart 
Failure (EJECTION-HF) trial, with methods reported in detail previously (Mudge et al., 2011).  In 
brief, the study recruited patients from cardiology and general medical wards with CHF who had a 
recent hospital admission and were enrolled in a 12-week comprehensive heart failure disease 
management program including either twice-weekly supervised centre-based exercise training 
(intervention), or recommendations for unsupervised home exercise (control).  Participants were 
enrolled from five hospitals in south east Queensland, Australia, from 2008 to 2013.  The study was 
approved by hospital ethics committees and included in the Australian Clinical Trials Registry 
(ACTR12608000263392).   
 
Outcome measurements 
All tests were administered by a single trained independent assessor.  The TUGT was measured 
using a standard stopwatch to record time taken to stand from a 45 centimetres high chair with arm 
rests, walk 3 metres at a comfortable pace, turn 180 degrees, return to the starting point, and again 
sit (Podsiadlo & Richardson, 1991).  The test was conducted using regular footwear and usual 
mobility aid, and performed twice (TUGT1 and TUGT2), with adequate rest time (until symptom 
resolution) between the two tests.   
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Participants performed the 6MWT in accordance with recommended guidelines (Holland et al., 
2014) on a modified 25 metre walk track.  The 6MWT was performed twice at baseline and the 
longest 6MWD was used in the analysis.  The 10 metre walk test (at both comfortable and fast 
pace) was also undertaken on a straight walk track from a static start (Graham et al., 2008) in a 
subset of participants (n=110).  The time taken to walk 10 metres was recorded in seconds.  Each 
test was measured twice, with the quicker of two tests recorded.    
 
Quality of life was measured with the Assessment of Quality of Life (AQoL-4D).  This validated 
generic utility measure encompasses four dimensions including independent living, relationships, 
senses and mental health (Osborne et al., 2003).  
 
Demographic and clinical information were obtained from a patient interview and the medical 
record, and included the New York Heart Association (NYHA) functional classification; self-
reported falls in the previous 12 months; and left ventricular ejection fraction reported from 
echocardiography performed in the previous six months. 
 
Data analysis 
Statistical analysis was performed using SPSS Statistics 22 (SPSS, Inc., Chicago, IL).  Baseline 
data for all participants contributed to the analysis.  Data were checked for missing values, 
distribution and outliers.  The TUGT data was logarithmically transformed to achieve normality.  
 
Test-retest reliability was examined using the ICC, two-way mixed effects model with single 
measures and absolute agreement.  The strength of reliability was interpreted using recommended 
guidelines, where excellent was >0.9 (Munro, 2005).  Standard error of measurement (SEM) and 
minimal detectable change at 95% confidence interval (MDC95) were calculated on the transformed 
data, using previously described formulas (Weir, 2005).  MDC95 was also expressed as a percent 
decrease in the geometric mean TUGT time relative to the initial geometric mean TUGT 
(%MDC95) (Spooner et al., 2011).  A Bland and Altman’s plot was presented to visually examine 
the trends and agreements between the two tests (Bland & Altman, 1986). 
 
Relationships between the TUGT and other continuous variables were examined using scatter plots, 
and Pearson’s (r) or Spearman’s (rs) correlations as appropriate.  Mann-Whitney’s test was used to 
determine differences in dichotomous variables.   
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A stepwise multiple linear regression was undertaken to investigate best predictors of the TUGT 
(with transformation) from variables including the 6MWD; 10 metre walk test at comfortable and 
fast paces; age; gender; left ventricular ejection fraction; disease severity on the NYHA; falls; and 
AQoL.  P<0.05 was considered to be significant. 
 
3.4 Results 
The study included 278 participants (Figure 3-1).  Seventy-five percent of the participants were 
male, with a mean (range) age of 62 (25 to 90) years.  Thirty-nine percent had ischemic 
cardiomyopathy and 53% were NYHA II.  Many participants had a co-morbid condition, 85% 
walked unaided and 14% reported experiencing a fall in the previous 12 months.  The 10 metre 
walk test time was available for 110 participants.  Participant characteristics are summarised in 
Table 3-1.  
 
Figure 3-1.  Timed up and go test study flowchart 
 
 
 
Assessed for eligibility in the EJECTION-HF study 
(n=2,551) 
Randomised and allocated to groups  
(n=278) 
 
Attended baseline assessment (n=278) 
 Available TUGT1 data (n=277) 
 Available TUGT2 data (n=268) 
 Available 6MWD data (n=277) 
 Available 10 metre walk test data (n=110) 
 
Excluded (n=2,273) 
 Not met inclusion criteria (n=984) 
 Not able to attend (n=952) 
 Declined to participate (n=337) 
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Table 3-1.  Baseline characteristics of the timed up and go test study 
Characteristics Total (n=278) 
Age (years), mean (SD) 62.4 (13.9) 
Men, n (%) 207 (75) 
BMI (kg/m2), mean (SD) 31 (8) 
Ethnicity, n (%)  
Caucasian 229 (82) 
Aboriginal and Torres Strait Islanders 41 (15) 
other 8 (3) 
Aetiology, n (%)  
ischemic cardiomyopathy 109 (39) 
valvular  13 (5) 
hypertensive 50 (18) 
idiopathic dilated cardiomyopathy 70 (25) 
other 36 (13) 
Heart failure with preserved ejection fraction, n (%) 39 (14) 
LVEF (%), mean (SD) 31 (14) 
Cardiac devices including pacemakers, implantable cardiac 
defibrillators and cardiac resynchronisation therapy devices (%) 
52 (19) 
Co-morbidities, n (%)  
atrial arrhythmia in past 5 years 114 (41) 
diabetes mellitus 101 (36) 
asthma 44 (16) 
COPD 31 (11) 
cerebrovascular disease or transient ischaemic attack 28 (10) 
Medications, n (%)  
ACE-I or ARB 254 (91) 
β-Blockers 261 (94) 
frusemide 226 (81) 
NYHA, n (%)  
I 53 (19) 
II 147 (53) 
III 47 (17) 
IV 31 (11) 
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Characteristics Total (n=278) 
Walking aid, n (%)  
None 237 (85) 
Stick  25 (9) 
4 wheeled walker 14 (5) 
Other walking aids 2 (1) 
Experienced at least one fall in last 12 months, n (%) 39 (14) 
Functional capacity  
best 6MWD (m), mean (SD) 363 (120) 
best TUGT (seconds), median (IQR) 8.9 (3.9) 
best 10 metre comfortable walk (seconds), median (IQR) 8.53 (3.02) 
best 10 metre fast walk (seconds), median (IQR) 6.56 (2.36) 
AQoL-4D utility score 0.57 (0.27) 
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; AQoL-4D, Assessment of Quality of Life – 4 dimensions; β-blockers, beta-blockers; BMI, 
body mass index; COPD, chronic obstructive pulmonary disease; IQR, inter-quartile range; kg, 
kilogram; LVEF, left ventricular ejection fraction; n, number; NYHA, New York Heart Association 
scale; SD, standard deviation; TUGT, timed up and go test; 6MWD, six minute walk test distance. 
 
 
TUGT reliability 
Test-retest reliability of the TUGT in patients with CHF was excellent (ICC=0.93) at baseline 
(Table 3-2).  Mean TUGT1 time was slower than TUGT2, with a back-transformed mean difference 
(95% CI) of 1.04 (1.03 to 1.06) seconds (p<0.001).  Table 3-2 also shows the SEM and MDC95 
values.  The Bland-Altman plot shows the mean difference in the TUGT between the two tests 
(Figure 3-2). 
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Table 3-2.  Test-retest reliability of the timed up and go test 
 Logarithmic transformation 
values (n=266) 
Geometric values after back 
transformation (n=266)  
TUGT1 (seconds), mean (95% CI) 0.97 (0.96 to 0.99) 9.40 (9.03 to 9.78) 
TUGT2 (seconds), mean (95% CI) 0.95 (0.94 to 0.97) 9.01 (8.65 to 9.38) 
ICC3,1 0.93 (p<0.001)  
SEM (seconds) 0.04  
MDC95 (seconds) 0.11  
%MDC95  22% 
Abbreviation: ICC, intra-class correlation; MDC95, minimal detectable change at 95% confidence 
interval; n, number; SEM, standard error of measurement; TUGT, timed up and go test; 95% CI, 
95% confidence interval; %MDC95, percentage change in the minimal detectable change relative to 
the initial mean. 
 
 
Figure 3-2.  Bland and Altman plot of the difference against the mean of first and second 
timed up and go test (with transformation) 
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Relationship between the TUGT and other variables 
As illustrated in Figure 3-3, the TUGT was associated with functional tests in patients with CHF.  A 
shorter (faster) time on the TUGT was associated with longer 6MWD (r=-0.81, p<0.001); and 
shorter time on the 10 metre walk tests at both comfortable (rs=0.80, p<0.001) and fast paces 
(rs=0.88, p<0.001). 
 
A faster TUGT was also weakly associated with better quality of life (rs=-0.31, p<0.001); younger 
age (rs=0.44, p<0.001); lower NYHA class (rs=0.45, p<0.001), and no falls history (median 8.62 
seconds [inter-quartile range 3.64] vs 10.38 [7.53], p<0.001).   
 
The best predictors of the TUGT in multivariate modelling were 6MWD and age, with F(2, 247) of 
243, p<0.001 and R2 of 0.66.  The model equation for the transformed best TUGT was 1.258 − 
(0.001×6MWD) + (0.001×age). 
 
Figure 3-3.  Relationship between the timed up and go test and other variables 
Relationship between the TUGT and 6MWD 
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Relationship between the TUGT and 10 metre walk test (comfortable pace)  
 
 
Relationship between the TUGT and age 
 
 
 
3.5 Discussion 
This study demonstrates that the TUGT was both reliable and valid in patients recently discharged 
from hospital with CHF, with excellent test-retest reliability when the test was performed on the 
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same day and strong association with other functional exercise tests (6MWD and 10 metre walk 
test).  Slower TUGT time was associated with poorer quality of life, older age, worsening disease 
severity and recent falls history.  The best predictors of the TUGT were 6MWD and age, 
accounting for 66% of the variance.   
 
The median TUGT time of 8.9 seconds reported in our study is similar to the mean TUGT time of 
9.4 seconds reported in individuals over the age of 60 years (Bohannon, 2006).  Reliability of the 
TUGT seen in our study is consistent with other studies (Mesquita et al., 2013; Steffen et al., 2002).  
Despite excellent reliability, we found a learning effect of this test, similar to previous findings in 
the cardiac rehabilitation setting (Bellet et al., 2013).  These results support the practice of 
performing two tests and using the best performance in the analysis (Bellet et al., 2013; Mesquita et 
al., 2013).   
 
The current study found small SEM and MDC95 scores on the TUGT in this group of patients with 
CHF.  MDC95 is an estimate of the smallest change in score that is not caused by chance variation 
in measurement (Weir, 2005).  It differs from the minimal clinically important difference, which is 
the smallest change considered important by a client or clinician (Gremeaux et al., 2011).  Reported 
MDC95 (%MDC95) scores for the TUGT range from of 1.16 seconds in pregnant women with pelvic 
girdle pain (Evensen et al., 2015),  to 5.46 (33%) seconds in a subgroup of patients with CHF 
(Mesquita et al., 2013), compared with 22% in the current study.  In an extension of previous 
studies which reported a SEM of 1.97 in a subgroup of patients with CHF (Mesquita et al., 2013) 
and 2.48 seconds in patients with Alzheimer’s disease (Ries et al., 2009), the current study found a 
small SEM of 0.04 seconds on transformed data.  A possible factor contributing to this low 
variability in performance between the two tests is the larger sample size available in the current 
study and the use of transformed data. 
 
The TUGT may be an appropriate functional test to use across hospital clinics, community settings 
and during home visits for patients with CHF.  It may be particularly relevant to patients with CHF, 
as this group of patients often have frailty (McNallan et al., 2013) and falls (Kuys et al., 2013).  The 
strong concurrent validity with the 6MWD suggests that it may be a useful measure of response to 
exercise in settings where the 6MWT is not practical.  The advantage of the TUGT is that it 
requires only a small amount of space, making it a suitable measure within home and clinic 
environments with space constraints.  The TUGT reflects important daily physical functions, such 
as the ability to rise from a chair and walk around the house, and predicts development of disability 
in older people (Donoghue et al., 2014).  Given many patients with CHF are elderly and frail 
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(McNallan et al., 2013), practical measures such as the TUGT may provide useful information 
about an individual’s function and measure changes in performance.  
 
Study strengths and limitations 
The current study has strengths, including single assessor; consistent method; multiple sites; and a 
large spread of age and disease severity which may increase generalisability of the study results.  
Limitations include that this was a selected study population, and hence may not apply to all 
patients with CHF.  The 10 metre walk test was only undertaken in 110 participants, which limited 
the correlation analysis.  The current study demonstrated excellent test-retest reliability and 
concurrent validity of the TUGT in patients with CHF, but further research is required to determine 
predictive validity and the minimal clinically important difference for the TUGT.   
 
3.6 Conclusion 
This study showed that the TUGT had excellent within-day test-retest reliability and was strongly 
correlated with other functional tests in this group of patients.  TUGT time was slower with poorer 
quality of life, older age, worsening disease severity and fallers.  The TUGT appears to be a reliable 
tool, and may prove a practical outcome measure for patients with CHF. 
 
3.7 Summary 
The TUGT appears to be a reliable and valid functional measurement when undertaken face-to-face 
in patients recently discharged from hospital with CHF.  Specifically, the TUGT demonstrated 
excellent within-day test-retest reliability and was associated with longer 6MWD and shorter 10 
metre walk test time.  Slower TUGT time was associated with poorer quality of life, older age, 
worsening disease severity and recent falls history.  These findings make several contributions to 
the literature such as confirming the TUGT as a practical outcome measure and establishing the 
minimal detectable change of the TUGT for patients with CHF.  Further research is required to 
determine the test’s validity in telerehabilitation assessments, and this will be explored in the next 
chapter. 
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Chapter 4  Telerehabilitation assessment 
 
Previous research on telerehabilitation in patients with cardiopulmonary diseases has mainly relied 
on phone-based communications (Frederix et al., 2015b; Hwang et al., 2015) and has not included 
remote functional assessments.  The use of video-based communications provides the potential to 
conduct elements of patient assessment remotely by enabling the clinician to supervise patients 
undertaking the functional assessments remotely, whilst maintaining real-time audiovisual 
communications.  However there is currently no evidence for the validity or reliability of these 
telerehabilitation assessments in the chronic heart failure (CHF) population.   
 
This chapter reports on a nested telerehabilitation assessment study within a randomised controlled 
trial of heart failure telerehabilitation (as described in Chapter 5).  More specifically, this chapter 
examines the validity and reliability of video-based telerehabilitation assessments of the six minute 
walk test (6MWT), timed up and go test (TUGT) and grip strength test compared with traditional 
face-to-face assessments in patients with CHF.  Normative values for these three functional tests are 
provided in Appendix 9.6.  The TUGT was chosen because of its demonstrated reliability and 
validity in patients with CHF as shown in the previous chapter.  This chapter is comprised of a 
manuscript which has been published in the Journal of Telemedicine and Telecare, with the 
exception of minor edits and formatting changes to headings, tables and figures to maintain 
consistency throughout the thesis.  The reference list has also been omitted with references for this 
chapter included in the reference list for the entire thesis.  Copyright permission has been obtained 
to reproduce this manuscript as the accepted manuscript version. 
 
Publication: 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., & Russell, T. (2017). Assessing 
functional exercise capacity using telehealth: is it valid and reliable in patients with chronic 
heart failure? Journal of Telemedicine and Telecare, 23(2), 225-232, 
http://journals.sagepub.com/doi/full/10.1177/1357633X16634258.   
 
4.1 Abstract 
Introduction: This study aimed to determine the validity and reliability of video-based 
telerehabilitation assessments in patients with CHF.   
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Methods: Seventeen consecutive participants (mean age 69 years, SD 12 years and 88% males) 
undertook assessments of three functional tests via both telerehabilitation and face-to-face 
approaches, on the same day.  The assessment order was randomised and conducted by independent 
assessors.  Outcome measures included functional tests: TUGT (time), 6MWT (distance), grip 
strength (kilograms); system usability scale to rate participant experience with telerehabilitation 
assessment; and number of technical issues encountered.  Validity and inter- and intra-rater 
reliability of telerehabilitation assessments were examined using limits of agreement, intra-class 
correlation coefficients (ICC), and paired t-tests.   
 
Results: The limits of agreement for telerehabilitation assessments were within the clinically 
acceptable limits for TUGT and grip strength.  Telerehabilitation assessments for all functional tests 
were strongly associated with face-to-face assessments, with ICCs of between 0.85 and 0.96.  Inter- 
and intra-rater reliability of telerehabilitation assessments for all functional tests were excellent (all 
ICC >0.95).  The mean (SD) system usability scale score was 85 (15)/100.  Some incidences of 
Internet drop-outs, video freezing and auditory fading occurred.   
 
Discussion: The use of telehealth for the assessment of functional exercise capacity appears to be 
valid and reliable in patients with CHF.   
 
4.2 Introduction 
Australia is a geographically vast country with reduced access to specialised heart failure exercise 
programs in the rural and remote areas.  Telerehabilitation, the delivery of rehabilitation services 
via telecommunication technologies, is a potential service delivery model which may overcome 
many issues related to access of services.  Telerehabilitation treatment has been trialled in patients 
with cardiopulmonary diseases (Frederix et al., 2015b; Hwang et al., 2015), but the use of 
telerehabilitation as an assessment tool to determine functional exercise capacity has not been 
established in patients with CHF. 
 
Telerehabilitation assessment has been used in other patient groups.  For example, the use of 
telerehabilitation assessment to gather information and form a diagnosis, has been shown to be 
valid and reliable in patients with shoulder disorders (Steele et al., 2012).  Similarly, 
telerehabilitation assessments of pulse oximetry (Tang et al., 2012) and manual muscle test (Durfee 
et al., 2007) have been demonstrated to be feasible and valid, compared to face-to-face assessment 
in healthy individuals (Tang et al., 2012).  In a pilot study, functional capacity assessment using the 
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three minute step test has been reported to be feasible and accurate via video-based 
telerehabilitation in patients with cystic fibrosis (Cox et al., 2013).  This is consistent with a study 
on the accuracy and reliability of telerehabilitation assessment for TUGT and step test in patients 
with Parkinson’s disease (Russell et al., 2013).  As these patient groups, telerehabilitation 
assessment may be feasible for people with CHF. 
 
Assessment tools typically used in heart failure exercise programs include the 6MWT, the TUGT 
and muscle strength test (Guazzi et al., 2009; Ingle et al., 2014).  The 6MWT is a self-paced test 
frequently used to measure functional exercise capacity (Singh et al., 2014).  It has been shown to 
predict mortality (Ingle et al., 2014) and hospital readmission in patients with CHF (Tabata et al., 
2014); to correlate with measures of maximal exercise capacity (Guazzi et al., 2009); and is a valid, 
reliable and responsive measure to changes in clinical status following cardiac rehabilitation (Bellet 
et al., 2012).  Another functional test, the TUGT, is used to assess mobility and balance (Podsiadlo 
& Richardson, 1991).  It has demonstrated validity and reliability in patients with CHF (Hwang et 
al., 2016), and demonstrates similar relative changes following cardiac rehabilitation as the 6MWT 
(Bellet et al., 2013).  It is also important to assess muscle strength using the hand-grip test in 
patients with CHF, as decreased muscle strength has been highlighted to be a hallmark feature of 
the condition and can contribute to exercise intolerance (Volaklis & Tokmakidis, 2005).  For 
instance, weak grip strength was a risk factor for hospital admissions in a group of patients with 
CHF (Chaudhry et al., 2013).  These three assessments play a role in evaluating functional exercise 
capacity, determining prognosis, and establishing response to treatment including heart failure 
exercise programs. 
 
The aim of this study was to compare the validity and reliability of video-based telerehabilitation 
assessments of the 6MWT, TUGT and grip strength with traditional face-to-face assessments.  It 
was hypothesised that these telerehabilitation assessments would be valid and reliable in patients 
with CHF.   
 
4.3 Methods 
Design, setting and participants 
This paper reports on a nested telerehabilitation assessment study within a randomised controlled 
trial of heart failure telerehabilitation.  In brief, the larger trial recruited patients with stable CHF, 
who were enrolled in a 12-week comprehensive heart failure disease management program.  
Participants were randomised either to a 12-week real-time video-based telerehabilitation program 
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delivered twice-weekly, or a control group of traditional centre-based heart failure exercise program 
of the same duration and frequency.  Participants were enrolled from two tertiary hospitals in 
Brisbane, Australia, between 2013 and 2015.  The trial was approved by the Human Research 
Ethics Committees of participating hospitals, and was included in the Australian Clinical Trials 
Registry (ACTRN12613000390785). 
 
Assessments for this study occurred immediately after the 12-week exercise program in the 
intervention trial.  The same assessments were also undertaken via the face-to-face approach as 
baseline measurements prior to the start of the exercise program.  Seventeen consecutive 
participants who had been assigned to the telerehabilitation group undertook post-program 
assessments via telerehabilitation, as well as via the traditional face-to-face approach.  Participants 
performed assessments on two separate occasions within the same day, each of which was assessed 
using one of the assessment types (telerehabilitation or face-to-face approaches).  The assessment 
order was randomised through the use of concealed opaque envelopes.  A balanced block 
randomisation code was generated and administered by an experienced independent researcher.  
Assessments were undertaken by four hospital physiotherapists (with an average of 11.5 years of 
work experience in physiotherapy), and included the 6MWT, TUGT and grip strength.  The 
therapists had an unequal number of assessments: Therapist 1 undertook assessments for nine 
participants, Therapist 2 had four participants, Therapist 3 had a participant, and Therapist 4 had 
three participants.  The same therapist undertook the telerehabilitation assessment, the face-to-face 
assessment and the repeat telerehabilitation assessment for the same participant. 
 
Telerehabilitation assessment procedure 
During the telerehabilitation assessment, an independent examiner was geographically located 
within the same hospital building as the participant, but in a separate room.  As the examiner had no 
physical contact with the participant during the telerehabilitation assessment, the examiner verbally 
led the participant through the tests, demonstrating on themselves where appropriate, for the 
participant to copy.  The participant was given an opportunity to practice prior to commencing the 
assessment.  The participant also received written and pictorial instructions (as shown in Appendix 
9.3) detailing the steps involved in operating the laptop computer (Dell Inspiron 15) and accessing 
the online videoconferencing software (Adobe Connect 9.2, Adobe Systems Inc., San Jose, CA), 
which was connected via a 3G wireless broadband Internet connection (Optus).  Telephone contact 
details for the remotely located examiner were included in the event that the participant needed 
additional assistance or encountered technical difficulties.  The telerehabilitation assessment was 
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recorded by the videoconferencing system to enable the performance of the reliability element of 
the study. 
 
6 minute walk test 
To enable the performance of this test, the laptop was positioned by the participant at the start of the 
six minute walk track, so that the examiner could see the whole 30 metre track.  The participant also 
had a stopwatch to mark the beginning and end of the functional tests, as well as other monitoring 
devices including automatic sphygmomanometer (Riester ru-champion) and finger pulse oximeter 
(Digit).  The participant self-monitored and verbally reported blood pressure, heart rate and oxygen 
saturation levels at the start of the assessment.  The examiner counted the number of laps completed 
during the 6MWT and gave standardised encouragements as per recommended guidelines (Holland 
et al., 2014).  A lap counter was also used by the participant or the participant’s family member, to 
confirm the number of laps achieved during the test.  The participant was asked to read the nearest 
distance marker on the track when the test was terminated.  The 6MWT distance (6MWD) was 
recorded to the nearest metre.  Note that each participant undertook a single 6MWT. 
 
Timed up and go test 
The TUGT was measured in real-time by observing the participant via videoconference. The 
examiner used a standard stop-watch to record the time taken for the participant to stand from a 45 
centimetre high chair with arm rests, walk three metres at a comfortable pace, turn 180 degrees, 
walk to the starting point, and return to a seated position (Isles et al., 2004; Podsiadlo & 
Richardson, 1991).  The participant sat with their back resting on the chair backrest, using regular 
footwear and mobility aid.  This test was performed twice, with adequate rest time (until symptom 
resolution) between the two tests.  The quicker of the two tests was recorded as the best TUGT 
time, in seconds with two decimal places.  
 
Grip strength test 
Maximum grip strength for each hand was measured three times with a hand-held dynamometer 
(Jamar) as described previously (Reuter et al., 2011).  The examiner verbally guided the participant 
through grip strength test and operation of the associated equipment.  The best measurement of 
three tests was used in the analysis as maximum voluntary contraction, in kilograms.   
 
System usability scale 
The system usability scale is a validated measurement tool that rates a user’s experience of 
technology (Brooke, 1996).  It uses 5-point Likert Scale and contains 10 questions covering various 
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aspects of a system’s use, such as the need for support, training, and complexity.  This 
questionnaire was administered to the participant at the end of the telerehabilitation assessment. 
 
Patient demographic details were collected from the medical chart and questionnaires. The number 
and nature of technical issues encountered during the telerehabilitation assessment were also 
recorded.   Similarly the number and nature of adverse events were noted. 
 
Face-to-face assessment procedure 
Due to a large variability with repeated 6MWT detailed in previous studies (Adsett et al., 2011; 
Bellet et al., 2011), we chose to conduct the traditional face-to-face assessment using two 
approaches: concurrent and separate testing occasions.  In a subset of participants (n=9), the face-
to-face assessment was conducted at the same time as the telerehabilitation assessment (concurrent 
assessment), with the second examiner in the same location as the participant to observe and record 
the 6MWT administered by the telerehabilitation examiner.  This approach enabled a direct 
comparison between the two assessment types, as both examiners assessed the same occasion with 
the telerehabilitation examiner taking an active role and the face-to-face examiner a passive role. 
 
For the second face-to-face approach, the assessment was conducted in hospital on the same day, at 
least 30 minutes either-side of the telerehabilitation assessment (separate assessment).  During this 
face-to-face assessment, the examiner was physically present to supervise the testing session and 
actively led the participant through all functional tests in line with recommended guidelines 
(Holland et al., 2014; Podsiadlo & Richardson, 1991; Reuter et al., 2011).  The same walking aids 
and footwear were used for both telerehabilitation and face-to-face assessments.  
 
Statistics 
Analyses were performed using IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL).  Descriptive 
analyses of clinical variables were undertaken.  Data were presented as means (standard deviations, 
SD) and counts (percentages) as appropriate.  Data were also checked for missing values, 
distribution (with Q-Q plots and Kolmogorov-Smirnov test for normality), and outliers.  Using the 
minimal clinically important difference of 36 metres reported for the 6MWT (Tager et al., 2014) 
and SD from our previous study (Hwang et al., 2016), we estimated a sample size requirement of 17 
pairs to achieve a power of 90%, at 5% significance level and considering a 10% drop-out rate.  
 
Validity of the telerehabilitation assessment was initially determined using paired t-tests between 
telerehabilitation and the concurrent face-to-face assessment.  Validity was then determined using 
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limits of agreement statistics as described by Bland and Altman (1986) between telerehabilitation 
and the separate face-to-face assessment.  The clinically acceptable limit for each functional test 
was determined prior to study recruitment: the 6MWD was 36 metres (Tager et al., 2014), the 
TUGT was 5 seconds according to previously reported intra- and inter-rater reliability (Podsiadlo & 
Richardson, 1991), and grip strength was 6.5 kilograms (Kim et al., 2014).  Limits of agreement 
which fell within the minimal clinically important difference were considered as valid and 
acceptable for each outcome measure (Bland & Altman, 1986).  Validity of the telerehabilitation 
assessment was also established by comparing telerehabilitation with the separate face-to-face 
assessment, using mean difference of the assessments, paired t-tests and intra-class correlation 
coefficient (ICC1,1). 
 
The inter- and intra-rater reliability of telerehabilitation assessments was examined using ICC 
(Rankin & Stokes, 1998).  Inter-rater reliability was determined by a second examiner 
independently analysing the video-recordings captured from the original telerehabilitation 
assessment and results were analysed using ICC2,1.  Intra-rater reliability was determined by the 
original examiner re-analysing the videos after a six week waiting period in line with previous 
research (Steele et al., 2012), and was analysed using ICC1,1.  The strength of the reliability was 
interpreted using recommended guidelines, where fair was defined as scores of greater than 0.7 and 
excellent as greater than 0.9 (Munro, 2005).  Significance level for all analysis was set at 0.05. 
 
4.4 Results 
Of the 17 participants, 88% were male, with a mean age of 69 (range 39 to 87) years.  Sixty-five 
percent had ischaemic cardiomyopathy and 88% were New York Heart Association (NYHA) 
functional class II.  Table 4-1 summarises participant characteristics and Table 4-2 presents the 
means and SD of functional tests.  
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Table 4-1.  Participant characteristics of telerehabilitation assessment study 
Characteristics Total (n=17) 
Age (years), mean (SD) 69 (12) 
Men, n (%) 15 (88) 
BMI (kg/m2), mean (SD) 31 (5) 
Ethnicity, n (%)  
Caucasian 15 (88) 
other 2 (12) 
Aetiology, n (%)  
ischaemic cardiomyopathy 11 (65) 
idiopathic cardiomyopathy 3 (18) 
Heart failure with preserved ejection fraction, n (%) 3 (18) 
LVEF (%), mean (SD) 34 (14) 
Co-morbidities, n (%)  
atrial arrhythmia in past 5 years 8 (47) 
diabetes mellitus 10 (59) 
COPD or asthma 2 (12) 
arthritis 3 (18) 
NYHA, n (%)  
I 1 (6) 
II 15 (88) 
III 1 (6) 
IV 0 
Walking aid, n (%)  
none 15 (88) 
stick  2 (12) 
Experienced at least one fall in last 3 months, n (%) 2 (12) 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; LVEF, left 
ventricular ejection fraction; n, number; NYHA, New York Heart Association scale; SD, standard 
deviation. 
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Table 4-2.  Means and standard deviations for functional tests 
Functional exercise 
tests 
Telerehab 
Examiner 1 
(n=17) 
Face-to-face 
Examiner 2  
(n=9) 
Face-to-face  
Examiner 1 
(n=17) 
Telerehab 
Examiner 2  
(n=17) 
Telerehab 
Examiner 1 
after 6 
weeks 
(n=17) 
6MWD (metres), 
mean (SD) 
369 (91) 369 (71) 373 (83) 368 (91) 369 (91) 
TUGT (seconds), 
mean (SD) 
9.16 (2.73) 8.79 (2.07) 8.92 (2.82) 9.25 (2.95) 9.09 (2.90) 
Right best grip 
strength (kilograms), 
mean (SD) 
30.1 (9.7) 31.7 (10.8) 30.0 (8.7) 30.1 (9.7) 30.1 (9.7) 
Left best grip strength 
(kilograms), mean 
(SD) 
27.5 (10.5) 29.1 (11.6) 27.3 (9.1) 27.5 (10.5) 27.5 (10.5) 
Abbreviations: n, number; SD, standard deviation; telerehab, telerehabilitation; TUGT, timed up 
and go test; 6MWD, six minute walk test distance. 
 
 
Validity 
When comparing telerehabilitation with the concurrent face-to-face assessment, there were no 
significant differences between the two assessment types for all three functional tests (p>0.05).   
 
When comparing telerehabilitation with the separate face-to-face assessment, Figure 4-1 illustrates 
the mean difference and limits of agreement for all three functional tests.  There was also no 
significant difference on the 6MWD between telerehabilitation and face-to-face assessments when 
the tests were conducted on two separate occasions, with a mean difference (95% confidence 
intervals, CI) of 4 (-25 to 17) metres.  The values found in our study are compared with previous 
research on repeated 6MWTs using the traditional face-to-face approach (Table 4-3).  There was no 
significant difference on the TUGT time between telerehabilitation and face-to-face assessments 
when the tests were conducted on two separate occasions, with a mean difference (95% CI) of 0.24 
(-0.56 to 1.03) seconds.  There were also no significant differences for grip strength between 
telerehabilitation and face-to-face assessments (p>0.05).  There was no significant time effect on 
the 6MWT and the TUGT (p>0.05).  Validity of the telerehabilitation assessment was fair to 
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excellent, with an ICC of between 0.85 and 0.96 (Table 4-4).   
 
Figure 4-1.  Bland and Altman plots of the difference against the mean of telerehabilitation 
and separate face-to-face assessments  
 
 
  
----- Black dash lines represent mean difference, upper and lower limits between two assessment 
types. 
……Red dotted lines represent clinically acceptable limits. 
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Table 4-3.  Validity comparison of the 6 minute walk test with previous research 
Study Assessment types  Mean difference  in 
6MWD (SD) 
Limits of agreement 
Lower 
limit 
Upper 
limit 
Current study Within-day difference between 
telerehabilitation & separate 
face-to-face 6MWD in heart 
failure 
-4.29 (40.72) 
 
 
-84.10 75.52 
Adsett  and 
colleagues 
(2011)* 
Within-day test-retest difference 
in face-to-face 6MWD in heart 
failure 
11.84 (31.08) -49.08 72.76 
Bellet and 
colleagues 
(2011) 
Test-retest 6MWD in cardiac 
rehabilitation 
15.8 (28) -39 70.6 
 
Abbreviations: 6MWD, six minute walk test distance; SD, standard deviation. 
*calculation performed using additional data from the authors. 
 
 
Table 4-4.  Validity and reliability of telerehabilitation assessments 
Functional exercise tests Validity 
ICC1,1 
Inter-rater reliability 
ICC2,1 
Intra-rater reliability 
ICC1,1 
6MWD, ICC (95% CI) 0.90  
(0.74 to 0.96) 
>0.99 >0.99 
TUGT, ICC (95% CI) 0.85 
(0.64 to 0.94) 
0.95 
(0.86 to 0.98) 
0.96 
(0.90 to 0.99) 
Right best grip strength, 
ICC (95% CI) 
0.94  
(0.84 to 0.98) 
>0.99 >0.99 
Left best grip strength, 
ICC (95% CI) 
0.96  
(0.89 to 0.98) 
>0.99 >0.99 
Abbreviations: 6MWD, six minute walk test distance; 95% CI, 95% confidence interval; ICC, intra-
class correlation; TUGT, timed up and go test. 
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Inter- and intra-rater reliability 
As illustrated in Table 4-4, inter- and intra-rater reliabilities of all three functional tests were 
excellent in patients with CHF, with an ICC of greater than 0.95.   
 
Patient satisfaction and adverse events 
The mean (SD) system usability scale total score was 85 (15) out of 100.  As shown in Table 4-5, 
some incidences of internet drop-outs, auditory fading, audio feedback, video freezing and 
transmission delays were observed.  There were two incidences of angina experienced during the 
telerehabilitation assessment, but these were resolved with rest and anginine (glyceryl trinitrate), 
and did not require further medical attention.  
 
Table 4-5.  Technical issues during telerehabilitation assessments 
Technical issues Number of 
participants 
encountering this 
technical issue 
(n=17) 
Total number of 
incidences 
encountered 
(n=36) 
Problem-solving approach 
used 
No issues, n (%) 6 (35)   
Internet drop-outs, n (%) 5 (29) 15 (42) Internet re-connections 
Auditory clarity 
difficulties, n (%) 
2 (12) 2 (6) Repeated conversations 
Visual clarity difficulties - 
freezing and delays with 
transmissions, n (%) 
4 (24) 19 (53) Video-conferencing system 
rebooting and reliance on 
audio communication. 
Abbreviations: n, number. 
 
 
4.5 Discussion 
To our knowledge, this is the first study to investigate the use of telerehabilitation assessment in 
determining functional exercise capacity in patients with CHF.  More specifically, our study 
confirmed the validity and reliability of using telehealth to administer the TUGT and grip strength 
in this group of patients with CHF.  Preliminary evidence supports the validity and reliability of 
telerehabilitation assessment for the 6MWT.  These findings resonate with previous research, where 
telerehabilitation assessments were valid and reliable when compared with face-to-face assessments 
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in other patient populations (Cox et al., 2013; Tang et al., 2012).  For example in patients with 
cystic fibrosis (Cox et al., 2013), there were no significant differences in oxygen saturation, heart 
rate and rate of perceived exertion between telerehabilitation and face-to-face assessments for the 
three minute step test. 
 
When determining the validity of telerehabilitation assessment, our results found no significant 
differences between telerehabilitation and face-to-face assessments for all three functional tests, 
when the tests were conducted on the same occasion.  Similar results were confirmed for testing on 
separate occasions.  Our study also demonstrated fair to excellent ICC between telerehabilitation 
and face-to-face assessments for all three functional tests, however the limits of agreement results 
were mixed.  The limits of agreement for the TUGT and grip strength were within the clinically 
acceptable levels, suggesting that for these tests, the telerehabilitation assessments were of 
acceptable accuracy.  In contrast, the limits of agreement for the 6MWT were wide and outside of 
the clinically acceptable level.  This may be partly explained by a large SD of the difference 
reported in our study, which may reflect a difference between two separate testing occasions, rather 
than true a difference in assessment types.  This SD is consistent with other studies (Adsett et al., 
2011; Bellet et al., 2011), which also reported a learning effect and large SD in repeated 6MWT 
using the face-to-face approach (refer to Table 4-3).   
 
To note, a few participants experienced technical difficulties during the telerehabilitation 
assessment, including loss of connectivity, prolonged delay in data transmission, video freezing and 
audio fading.  Despite these technical difficulties, patient satisfaction with telerehabilitation 
assessment remained high and most study participants found the system easy to use, in line with 
previous research (Cox et al., 2013; Tang et al., 2012).  Telerehabilitation assessment may improve 
access; reduce travel time and cost; and reduce waiting times for specialised services such as 
cardiac rehabilitation programs, thereby addressing current shortcomings imposed by living in such 
a geographically challenging country such as Australia (Neubeck et al., 2009).  These potential 
benefits may also have a positive impact on patient satisfaction. 
 
Clinical considerations 
Telerehabilitation assessments appear to be feasible in patients with CHF.  However there are 
different etiquettes for this type of assessment.  For instance, as there is no direct patient contact 
during the assessment, the clinician needs to provide clear and concise instructions and take turns 
when speaking (Russell et al., 2010).  Although there were no serious adverse events encountered 
during the assessment, careful patient selection and a protocol for management of adverse events 
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are recommended.  As such, we only invited patients with stable CHF to participate in the study and 
observed exercise testing contraindications in line with recommended standards (Fletcher et al., 
2013).   
 
Telerehabilitation assessment may best be suited for patients with some experience with using 
telerehabilitation technologies, such as those who have completed a telerehabilitation exercise 
program.  Functional exercise capacity assessments could be undertaken via telehealth and relevant 
questionnaires returned via e-mail to evaluate the outcome of an exercise program immediately 
after program completion as well as during the follow-up period.  There are a few possible options 
for measuring grip strength.  For example, there are low-cost hand dynamometers which may be 
loaned to the patient at home and returned later via the post.  However this approach will need 
further validation.  Alternatively, some small regional health centres and general practices may have 
access to a dynamometer which can enable the grip strength test to be undertaken in-person face-to-
face. 
 
Study strengths and limitations 
This study is strengthened by the use of low-cost technologies and functional tests instead of 
maximum exercise stress tests, as these are the tests which are commonly used in the hospital 
clinics, community settings and may be more amenable to the home environment.  There was a 
range of disease severity and aetiology amongst participants, which increases the generalisability of 
our results.  Limitations include a small sample size and recruitment bias where participants who 
agreed to undertake this innovative assessment mode may be more favourable towards the 
telerehabilitation assessment.  Moreover our participants had previous experience with the 
functional tests having previously completed a telerehabilitation program.  Novice participants may 
have different results.  As there was no precedence with using telerehabilitation to assess functional 
capacity in patients with CHF, we chose a conservative approach of conducting the assessments 
within the hospital environment.  More specifically, the participant and the examiner were located 
in separate areas, but were in close enough proximity to offer support if required.  This support 
could have inflated the participant’s confidence with the telerehabilitation assessment.  A limitation 
associated with a low-cost solution was that the participants were required to manually report the 
vital signs and potentially increase patient demand during multitasking. 
 
Directions for future research 
Future studies should adopt a large sample size and examine the feasibility of conducting 
telerehabilitation assessment within the home.  Bluetooth technology and wireless headphones may 
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also be trialled to minimise the participant demand and reduce audio feedback.  With advances of 
new technologies and faster internet access, new videoconferencing software may alleviate some of 
the technical difficulties encountered in this study, but will need further validation.  A clinician 
questionnaire may also be useful in determining the examiner’s experience with the 
telerehabilitation assessment.   
 
4.6 Conclusion 
This study achieved its aim of determining the validity and reliability of assessing functional 
exercise capacity using telehealth in patients with CHF.  The limits of agreement for 
telerehabilitation assessments were within the clinically acceptable limits for the TUGT and grip 
strength, but outside of the limits for the 6MWT.  There were strong associations between 
telerehabilitation and face-to-face assessments.  Results also showed that the telerehabilitation 
assessment had excellent inter- and intra-rater reliabilities for the 6MWT, the TUGT and grip 
strength.  Some incidences of connectivity and audiovisual difficulties were encountered.  The use 
of video-based telerehabilitation assessment appears promising in patients with CHF.   
 
4.7 Summary  
This chapter describes the first study to use video-based telerehabilitation assessments in 
determining functional exercise capacity in patients with CHF.  Specifically, our study confirmed 
the validity and reliability of using telehealth to administer the TUGT and grip strength in this 
group of patients (who have attended a 12-week telerehabilitation program and undertook the 
telerehabilitation assessments in a hospital setting).  Preliminary evidence supports the validity and 
reliability of telerehabilitation assessment for the 6MWT.  Some incidences of connectivity and 
audiovisual difficulties were encountered, but participants reported a high usability of the system.  
The use of telerehabilitation assessment appears promising in patients with CHF, but the feasibility 
and effectiveness of a heart failure telerehabilitation intervention program need to be examined.  
This will be the focus of the next chapter which investigates a group-based telerehabilitation 
intervention program in patients with CHF. 
 
 61 
Chapter 5  Telerehabilitation intervention 
 
In Chapter 2, a systematic review of telerehabilitation was presented which showed that this new 
delivery model appears to be a promising alternative in patients with cardiopulmonary diseases.  
However a majority of the research used phone communications with one or two core components 
of cardiac rehabilitation (Frederix et al., 2015b; Hwang et al., 2015), and the benefits of using video 
communications within a comprehensive telerehabilitation program remains unclear.  Video-based 
telerehabilitation is a novel approach which enables patients to exercise in the familiarity of their 
home environment whilst maintaining synchronous audiovisual communications.  In a meta-
analysis of 29 trials with 1,993 patients, video technologies were reported to be more efficacious 
than other technologies in home-based telehealth (Dellifraine & Dansky, 2008).  This approach 
allows the clinician to supervise patients performing the exercises and to provide real-time feedback 
and modification as required, as well as facilitate peer support from other patients.   
 
The preceding chapter confirmed the validity and reliability of video-based telerehabilitation 
assessments to examine functional exercise capacity in patients with chronic heart failure (CHF).  
This chapter further explores the feasibility and efficacy of a video-based telerehabilitation 
intervention program in patients with CHF.  This chapter is comprised of a manuscript which has 
been published in the Journal of Physiotherapy and includes additional work that was not part of 
the published manuscript.  Specifically, a figure on the telerehabilitation intervention has been 
added, as well as the proportion of participants who had previously attended a centre-based 
program.  The two tables in the published manuscript and e-addendum have also been recombined 
to show the within- and between-group differences as Table 5-3.  Copyright permission has been 
obtained and this publication is inserted as accepted for publication, with the exception of minor 
edits and formatting changes to headings, tables and figures to maintain consistency throughout the 
thesis.  The reference list has also been omitted with references for this chapter included in the 
reference list for the entire thesis.   
 
Publication: 
Hwang, R., Bruning, J., Morris, N., Mandrusiak, A., & Russell, T. (2017). Home-based 
telerehabilitation is not inferior to centre-based program in patients with chronic heart 
failure: a randomised, single-blind trial. Journal of Physiotherapy, 63(2), 101-107, 
http://www.journalofphysiotherapy.com/article/S1836-9553(17)30031-0/fulltext.  
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5.1 Abstract 
Question: Is a 12-week, home-based telerehabilitation program conducted in small groups non-
inferior to a traditional centre-based program in terms of the change in 6 minute walk distance? Is 
the telerehabilitation program also non-inferior to a centre-based program in terms of functional 
capacity, muscle strength, quality of life, urinary incontinence, patient satisfaction, attendance rates, 
and adverse events? 
 
Design: Randomised, parallel, non-inferiority trial with concealed allocation, intention-to-treat 
analysis and assessor blinding.  
 
Participants: Patients with stable CHF (including heart failure with reduced or preserved ejection 
fraction) were recruited from two tertiary hospitals in Brisbane, Australia.  
 
Intervention: The telerehabilitation group received a 12-week, real-time exercise and education 
intervention delivered into the participant’s home twice-weekly, using online videoconferencing 
software. The control group received a traditional hospital outpatient-based program of the same 
duration and frequency. Both groups received similar exercise prescription. 
 
Outcome measures: Participants were assessed by independent assessors at baseline (Week 0), at 
the end of the intervention (Week 12) and at follow-up (Week 24). The primary outcome was a 
between-group comparison of the change in 6 minute walk distance from Week 0 to Week 12, with 
a non-inferiority margin of 28 metres. Secondary outcomes included other functional measures, 
quality of life, patient satisfaction, program attendance rates and adverse events. 
 
Results: In 53 participants (mean age 67 years, 75% males), there were no significant between-
group differences on 6 minute walk distance gains, with a mean difference (95% confidence 
intervals) of 15 (–28 to 59) metres at Week 12.  The confidence intervals were within the 
predetermined non-inferiority range. The secondary outcomes indicated that the telerehabilitation 
intervention was at least as effective as traditional rehabilitation. Significantly higher attendance 
rates were observed in the telerehabilitation group. 
 
Conclusion: Telerehabilitation was not inferior to a hospital outpatient-based rehabilitation 
program in patients with CHF.  Telerehabilitation appears to be an appropriate alternative because it 
promotes greater attendance at the rehabilitation sessions. 
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5.2 Introduction 
Exercise-based rehabilitation has emerged as a safe and effective intervention for patients with CHF 
and is now recommended as standard practice (Ponikowski et al., 2016; Selig et al., 2010).  
Specifically, exercise-based rehabilitation increases physical function, improves quality of life, and 
lowers hospital admission rates (Taylor et al., 2014).  Despite this, participation in rehabilitation 
remains low (Neubeck et al., 2012).  Reported barriers include transport difficulties, financial cost, 
embarrassment about participation and program availability (Conraads et al., 2012; Neubeck et al., 
2012).  Telerehabilitation may be an alternative approach to alleviate some of these barriers. 
 
Telerehabilitation is the delivery of rehabilitation services at a distance via telecommunication 
technologies, such as phone, internet and videoconference (Frederix et al., 2015b).  This delivery 
model has been successfully trialled in patients with cardiopulmonary diseases (Frederix et al., 
2015b; Piotrowicz et al., 2010; Zanaboni et al., 2013).  In a pilot study of home-based rehabilitation 
delivered via a tablet computer, all patients with chronic obstructive pulmonary disease (COPD) 
remained actively participating in the program after one year, and (although statistically non-
significant) COPD-related hospital costs were reduced by 27% on average (Zanaboni et al., 2013).  
Specifically in CHF, a home-based telerehabilitation program was delivered individually three 
times per week for eight weeks, using mobile phones for voice communication and 
electrocardiogram transmission (Piotrowicz et al., 2010).  This program produced equivalent 
increases in peak oxygen consumption and quality of life as a centre-based program of the same 
duration and frequency (Piotrowicz et al., 2010).  Home-based telerehabilitation could also have 
similar benefits in other outcomes (such as functional exercise capacity and balance) for patients 
with CHF.   
 
International experience shows that heart failure rehabilitation programs can be delivered using 
various models including centre-based, home-based or a hybrid of these approaches.  For example, 
home and centre-based cardiac rehabilitation programs have been shown to be equally effective in 
improving health-related quality of life and reducing mortality rates in patients with heart disease 
(Taylor et al., 2015).  A flexible or remote model has also been proposed to increase attendance rate 
(Neubeck et al., 2012).  However, the feasibility of a group-based video-linked telerehabilitation 
program delivered into the home has not yet been investigated in patients with CHF.   
 
The aim of the study was to determine the efficacy and safety of a short-term, real-time, group-
based heart failure rehabilitation program delivered into the participant’s home via an online 
telerehabilitation system.  Specifically our research questions were: 
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1. Is a 12-week, home-based telerehabilitation program conducted in small groups non-inferior 
to a traditional centre-based program in terms of the change in 6 minute walk distance? 
2. Is the telerehabilitation program also non-inferior to a centre-based program in terms of 
functional capacity, muscle strength, quality of life, urinary incontinence, patient 
satisfaction, attendance rates, and adverse events? 
 
5.3 Methods 
Design 
A two-group, parallel, non-inferiority trial with blinded outcome assessments was undertaken. 
Participants were randomised to either: a telerehabilitation group, who were provided a 12-week 
home-based telerehabilitation program delivered twice-weekly; or a control group, who were 
provided a traditional centre-based program of the same duration and frequency.  Consenting 
participants were allocated 1:1 using a non-blocked random allocation sequence.  Allocation was 
concealed through the use of opaque, sealed and numbered envelopes, and administered by an 
experienced, independent researcher at a central location.  While the treating healthcare 
professionals could not be blinded to group allocation, participants were asked not to disclose their 
group allocation to the blinded assessors.  All assessments were undertaken at the hospitals using a 
standardised protocol at baseline (Week 0), immediately after completion of the rehabilitation 
program (Week 12); and at follow-up 12 weeks later (Week 24).  The assessors were 19 hospital 
physiotherapists with an average of nine years of work experience in physiotherapy.  
 
Participants, therapists and centres 
Patients were recruited from cardiology and general medical wards of two tertiary hospitals in 
Brisbane, Australia, between July 2013 and February 2016.  We recruited patients who had a recent 
hospital admission for heart failure and were referred to heart failure services.  Patients were 
eligible if they: had a diagnosis of CHF confirmed by an echocardiogram (heart failure with 
reduced or preserved ejection fraction), presented with clinical heart failure symptoms, and were 
aged over 18 years. Patients were excluded if they: did not meet safety screening criteria as outlined 
by the Australian exercise guidelines for patients with CHF (Selig et al., 2010), such as 
symptomatic severe aortic stenosis and significant ischaemia at low exercise intensity; lived in an 
institution such as a nursing home; lived more than an hour driving distance from the treating 
hospital; or had no support person at home, which was important for those recruited to the home-
based telerehabilitation program for safety reasons.  Healthcare professionals at each site were 
physiotherapists who were highly experienced in prescribing exercise for patients with CHF. 
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Intervention 
The control group received a centre-based rehabilitation program based on current recommended 
guidelines encompassing education, aerobic and strength training exercise (Selig et al., 2010).  This 
traditional heart failure rehabilitation program was led by physiotherapists over a 12-week period, 
consisting of 60 minutes of exercise per session, two sessions per week, at the treating hospital.  
Each session consisted of a 10-minute warm-up, 40-minute aerobic and strength exercises, and a 
10-minute cool-down.  Exercise intensity commenced at nine (very light) and gradually progressed 
towards 13 (somewhat hard) on the rate of perceived exertion scale (Borg, 1970).  Exercise 
prescription was tailored to the participant’s goal and continuously reviewed by the treating 
physiotherapist to ensure appropriate progression.  The control group attended education sessions at 
the hospital on the same day as the exercise sessions.  These sessions were delivered by a 
multidisciplinary team including the nurse, dietitian, physiotherapist, occupational therapist, social 
worker and pharmacist.  Topics covered include self-management, nutritional and physical activity 
counselling, psychological interventions, medications and risk factor management where 
appropriate.  Participants were provided with additional home exercises to be undertaken three 
times per week, at a similar intensity as prescribed for the supervised exercise sessions. 
 
The telerehabilitation program was delivered via a synchronous videoconferencing platform (Adobe 
Connect 9.2, Adobe Systems Inc., San Jose, USA), across the internet to groups of up to four 
participants within the home (see Figure 5-1).  Two-way audiovisual communication enabled 
interaction of all parties, and the physiotherapist guided participants through an exercise program 
similar to the control group.  This approach enabled the physiotherapist to watch participants 
performing the exercises and provide real-time feedback and modification as required, as well as 
facilitate peer support from other participants.  A group-based program was selected, as many 
participants valued the guidance from healthcare professionals as well as enjoyed group interaction 
and social support (Neubeck et al., 2012).  Participants were provided with additional home 
exercises similar to the control group.   
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Figure 5-1.  Telerehabilitation set-up 
 
A venue used by the clinicians to deliver the group-based telerehabilitation program. 
 
 
Educational topics were delivered as electronic slide presentations with embedded audio files 
(Microsoft PowerPoint, Microsoft, Redmond, USA), which were recorded from the education 
sessions delivered for a centre-based program.  Participants were encouraged to watch the 
designated presentation individually or with their support person, in their own time in preparation 
for subsequent online group discussions.  A 15-minute interaction period was held at the start of 
each telerehabilitation session to facilitate these discussions.  A range of resources were accessed 
through the videoconferencing platform to facilitate these discussions such as screen and document 
sharing, collaborative drawing and chat functions.  
 
Telerehabilitation equipment was loaned to participants as required, including a laptop computer 
(Inspiron 15, Dell Inc., Round Rock, USA), mobile broadband device (E3131 modem, Huawei 
Technologies Co. Ltd., Shenzhen, China) connected to 3G wireless broadband Internet (Optus, 
Australia), automatic sphygmomanometer (ri-champion N, Rudolf Riester GmbH, Jungingen, 
Germany), finger pulse oximeter (Digit 3420, BCI, USA), free weights and resistance bands.  
Participants received an equipment familiarisation session either in-person at the hospital or on 
home visit, for operating the laptop, accessing the online videoconferencing software (Adobe 
Connect 9.2) and using the monitoring equipment.  An equipment manual with written and pictorial 
instructions was also supplied (see Appendix 9.3).  Telephone contact details to access technical 
support were included in the event that participants needed additional assistance or encountered 
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technical difficulties.  Participants were guided to self-monitor and verbally report their blood 
pressure, heart rate and oxygen saturation levels at the start of each rehabilitation session.  Other 
measurements such as weight, blood sugar level, extent of peripheral oedema and general wellbeing 
were also undertaken where relevant.   
 
Outcome measures 
Primary outcome: Participants performed the 6 minute walk test in accordance with recommended 
guidelines and received standardised encouragements (Holland et al., 2014), on a 30-metre walk 
track in hospital, face-to-face.  The 6 minute walk distance (6MWD) was recorded to the nearest 
metre.  The test was performed twice as recommended to account for a learning effect (Holland et 
al., 2014) and the longest distance used in the analysis.   
 
Secondary outcomes: Other outcomes included balance tests, 10 metre walk test, muscle strength 
(grip and quadriceps strength), quality of life, patient satisfaction, program attendance rates and 
adverse events.  Balance was measured by the Balance Outcome Measure for Elder Rehabilitation 
(BOOMER), which consisted of four components: the timed up and go test (TUGT), functional 
reach, static standing with the eyes closed and feet together, and step test (Haines et al., 2007).  
Each BOOMER component was converted into a 5-point ordinal scale, and then combined to 
provide a total score out of 16 with higher scores representing better balance (Haines et al., 2007).  
The 10 metre walk test (at both comfortable and fast pace) was undertaken on a straight walk track 
from a static start (Graham et al., 2008).  The time taken to walk 10 metres was recorded in 
seconds, with two decimal places.  Each test was measured twice, with the average of the two tests 
recorded.  Maximum grip strength for each hand was measured three times with a hand-held 
dynamometer (Jamar) as described previously (Reuter et al., 2011), and the best measurement used 
in the analysis as maximum voluntary contraction, in kilograms.  Quadriceps strength was also 
measured three times with a hand-held dynamometer (Lafayette manual muscle tester) as per 
previous methodology (O'Shea et al., 2007) with an adjustable strap, and the best measurement in 
kilograms was used in the analysis.   
 
Validated surveys were used to measure health-related quality of life and patient satisfaction.  The 
Minnesota Living with Heart Failure Questionnaire (MLWHFQ) is a disease-specific questionnaire 
which contains 21 questions determining the key physical, emotional, social and mental dimensions 
of quality of life (Rector & Cohn, 1992).  Scores range from 0 to 105, with higher scores 
representing worse quality of life.  The Revised Urinary Incontinence Scale (RUIS) consists of five 
questions that rate aspects of incontinence severity (Sansoni et al., 2006).  Quality of life was also 
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measured using a generic tool, the EuroQol five-dimensional (EQ-5D) questionnaire (EuroQol, 
1990).  The EQ-5D consists of two sections: the EQ-5D descriptive system (which measures 
mobility, self care, usual activities, pain/discomfort, and anxiety/depression) and the visual 
analogue scale (which measures self-rated health status from 0 to 100) (EuroQol, 1990).  Responses 
on the EQ-5D were converted to a utility score of 0 (worst) to 1 (best) using a scoring algorithm 
based on the United Kingdom general population (Viney et al., 2011).  Patient satisfaction was 
measured by the Client Satisfaction Questionnaire (CSQ-8) (Attkisson & Zwick, 1982).  This eight-
item questionnaire measures participant perspective of the value of services received, and has a total 
score ranging from eight to 32 with high scores indicating greater satisfaction (Attkisson & Zwick, 
1982). 
 
Additional outcomes included program attendance rates and the number of adverse events.  
Attendance rates were presented as the number of sessions attended by each participant, and there 
also categorised into adherent (>80%), partly adherent (20-80%) and non-adherent (<20%) based 
on the proportion of sessions attended (Conraads et al., 2012).  Serious adverse events were defined 
as death, cardiac arrest and syncope, and minor adverse events included angina, diaphoresis, 
palpitations and falls.  Healthcare professionals who delivered the rehabilitation programs recorded 
any adverse events after each exercise session.  A list of potential adverse events was attached to 
the exercise recording form.  At completion of the 12-week rehabilitation program, the assessors 
tallied the number of adverse events and recorded in a database.  The research team also reviewed 
the number and type of adverse events. 
 
Demographic and clinical information were obtained from patient interview and the medical record, 
and included the New York Heart Association (NYHA) functional classification; self-reported falls 
in the previous 12 months; and left ventricular ejection fraction reported from echocardiography 
performed in the previous six months.   
 
Data analysis 
The study was powered to detect non-inferiority of the slope of 6MWD change from Week 0 to 
Week 12, between the two intervention groups. An a priori, non-inferiority margin of –28 metres 
(which corresponds to 20% less than the minimum clinically important difference reported for the 
6MWD) (Tager et al., 2014) was established as per recommendations (Jones et al., 1996; Piaggio et 
al., 2012).  Using a standard deviation (SD) of 31 metres based on previous data (Gremeaux et al., 
2011), a one-sided significance level of 2.5% and a 10% drop-out rate, a sample of 48 participants 
was required in order for the study to have 80% power to detect the non-inferiority margin.   
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Statistical analysis was performed using SPSS Statistics 22 (SPSS Inc., Chicago, IL).  Baseline data 
for all participants contributed to the analysis.  Descriptive analyses of clinical variables were 
undertaken.  Data were checked for missing values, distribution and outliers; and presented as 
means (SD) and counts (percentages) as appropriate.  A strong positive skew in the TUGT and 10 
metre walk test data was successfully resolved using logarithmic transformations.  Baseline 
characteristics of the two intervention groups were compared using independent t-test, χ2 test and 
Fisher’s exact test as appropriate.   
 
The analyses for the primary and secondary outcomes were on an intention-to-treat basis, 
supplemented by a per-protocol analysis of the primary outcome similar to a previous research 
approach (Moffet et al., 2015).  Participants were considered as per-protocol if they were in the 
adherent and partly adherent groups.  The primary outcome was analysed using a linear mixed-
effects model, which is recommended for its ability to account for repeated measures and missing 
data (West, 2009).  The model (using maximum likelihood method, unstructured covariance type 
and controlling for baseline variables) included group, time and group-by-time interaction as fixed-
effect covariates, and intercepts and participants as random-effects.  In this model, the coefficient 
associated with the interaction represents the difference between the 6MWD slopes.  We used this 
coefficient and its 95% confidence intervals (CI) to estimate the between-group difference.  
Telerehabilitation was considered non-inferior if the lower limit of this 95% CI was below the pre-
determined margin (Jones et al., 1996; Piaggio et al., 2012).  Similar analyses were applied to 
secondary outcome measures collected at three time points.  Between-group comparisons for 
continuous data collected at post-program were analysed using independent t-tests.  Ordinal data 
were analysed with non-parametrics equivalent.  P-values less than 0.05 were considered to be 
significant in all analyses. 
 
5.4 Results 
Flow of participants through the study 
As shown by the flowchart in Figure 5-2, we enrolled 53 participants.  Slight over-enrolment in the 
study was required to achieve the 24 participants in each group as per the sample size calculation 
given the non-block randomisation design.  Fifty-five percent had ischaemic cardiomyopathy and 
57% were NYHA II.  There were 17 (32%) participants who had previously attended a traditional 
centre-based exercise rehabilitation program more than 12 months ago, but patients who had 
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recently attended a centre-based program were excluded from the study.  Table 5-1 summarises 
participant characteristics and shows that the groups were well matched.   
  
Figure 5-2.  Telerehabilitation intervention study flowchart 
 
Assessed for eligibility  
(n=192) 
Attended baseline assessment and 
randomised 
(n=53) 
Allocated to telerehabilitation group 
(n=24) 
Allocated to control group 
(n=29) 
Excluded (n=139) 
 declined to participate (n=57) 
 in other intervention studies (n=26) 
 exercise contraindications (n=21) 
 no support person (n=16) 
 others (n=19) 
Withdrew (n=0) 
 
Attended post-program assessment 
(n=24) 
 24 available data 
 0 attended <20% available 
exercise sessions 
Withdrew (n=2) 
 illness (n=1) 
 work (n=1) 
Lost to follow-up (n=1) 
 overseas (n=1) 
Attended post-program assessment 
(n=26) 
 26 available data 
 2 attended <20% available 
exercise sessions 
Lost to follow-up (n=1) 
 interstate (n=1) 
Attended 3-month follow-up (n=23) 
 23 available data 
Attended 3-month follow-up (n=26) 
 26 available data 
 
 
Attended 3-month follow-up (n=26) 
 26 available data 
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Table 5-1.  Baseline characteristics of telerehabilitation intervention study 
Characteristic Telerehabilitation 
(n=24) 
Control 
(n=29) 
Total 
(n=53) 
Age (yr), mean (SD) 68 (14) 67 (11) 67 (12) 
Gender, n male (%) 19 (79) 21 (72) 40 (75) 
Ethnicity, n Caucasian (%) 22 (92) 27 (93) 49 (92) 
Aetiology, n (%)    
ischaemic cardiomyopathy 14 (58) 15 (52) 29 (55) 
valvular 1 (4) 1 (3) 2 (4) 
idiopathic dilated cardiomyopathy 4 (17) 6 (21) 10 (19) 
heart failure with preserved ejection fraction 3 (13) 2 (7) 5 (9) 
LVEF (%), mean (SD) 36 (16) 35 (17) 35 (17) 
Atrial arrhythmia, n (%) 9 (38) 12 (41) 21 (40) 
Co-morbidities, n (%)    
diabetes mellitus 13 (54) 10 (35) 23 (43) 
chronic respiratory conditions 5 (21) 13 (45) 18 (34) 
depression 5 (21) 3 (10) 8 (15) 
stroke 6 (25) 1 (3) 7 (13) 
arthritis 7 (29) 10 (35) 17 (32) 
NYHA functional class, n (%)    
I 3 (13) 2 (7) 5 (9) 
II 9 (37) 21 (72) 30 (57) 
III 12 (50) 6 (21) 18 (34) 
IV 0 (0) 0 (0) 0 (0) 
Medications, n (%)    
ACE-I or ARB 23 (96) 25 (86) 48 (91) 
β-blockers 22 (92) 23 (79) 45 (85) 
diuretics 21 (88) 26 (90) 47 (89) 
Walking aid, n (%)    
none 18 (75) 22 (76) 40 (76) 
stick 5 (21) 3 (10) 8 (15) 
walker 1 (4) 4 (14) 5 (9) 
Social situation, n (%)    
lives alone 0 (0) 5 (17) 5 (9) 
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Characteristic Telerehabilitation 
(n=24) 
Control 
(n=29) 
Total 
(n=53) 
lives with others 24 (100) 24 (83) 48 (91) 
Home oxygen, n (%) 3 (13) 0 (0) 3 (6) 
BMI (kg/m2), mean (SD) 31 (8) 32 (6) 31 (7) 
Resting SBP (mmHg), mean (SD) 124 (21) 123 (19) 123 (20) 
Resting DBP (mmHg), mean (SD) 70 (14) 73 (11) 71 (12) 
Resting HR (beats/min), mean (SD) 66 (13) 73 (12) 69 (13) 
Fallers, n (%) 5 (21) 11 (38) 16 (30) 
Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; β-blockers, beta-blockers; BMI, body mass index; DBP, diastolic blood pressure; HR, 
heart rate; LVEF, left ventricular ejection fraction; n, number; NYHA, New York Heart Association 
functional class; SBP, systolic blood pressure; SD, standard deviation. 
 
 
Compliance with the study protocol 
As illustrated in Figure 5-2, 50 and 49 participants attended post-program and follow-up 
assessments, respectively.  Of the 51 participants who attended the rehabilitation programs, 49 were 
categorised as adherent (>80% of sessions attended) or partly adherent (20 to 80% of sessions 
attended).  Compared to the control group, participants in the telerehabilitation group were 
significantly more likely to be categorised as adherent (RR 2.39, 95% CI 1.27 to 4.51) and 
significantly less likely to be categorised as partly adherent (RR 0.46, 95% CI 0.23 to 0.92).  The 
only participants categorised as non-adherent (<20% of sessions attended) were in the control 
group.  Further data are presented in Table 5-2.  
 
In the registered version of the protocol, falls were the only adverse event.  For completeness, other 
unregistered adverse events will also be reported in this thesis.  
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Table 5-2.  Other outcome measures 
 Telerehabilitation group 
(n=24) 
 Control group 
(n=26) 
p-value 
Patient satisfaction on CSQ-8, median (IQR) 32 (1) 32 (2) 0.17 
Attendance number, mean (SD) 20 (6) 14 (7) 0.002* 
Attendance category, number (%)   0.003* 
Non-adherent, <20% sessions  0  2 (7%)  
Partly adherent, 20-80% sessions 7 (29%) 17 (63%)  
Adherent, >80% sessions 17 (71%) 8 (30%)  
Adverse events, number of occurrences 6 2  0.89 
Death, cardiac arrest, syncope or falls 0 0  
Angina 3 0  
Diaphoresis 1 2  
Palpitations 2 0  
Abbreviations: CSQ-8, client satisfaction questionnaire; IQR, inter-quartile range; SD, standard 
deviation. 
 
 
6MWD 
Primary outcome 
The 6MWD results at each assessment time and the between-group differences are presented in 
Table 5-3.  There was no significant overall between-group differences in the 6MWD (F(1,6)=1.39; 
p=0.24), with an estimated between-group difference (95% CI ) in favour of the telerehabilitation 
group of 15 (–28 to 59) metres at Week 12.  At Week 24, this difference (95% CI) was again non-
significant at 2 (–36 to 41) metres, again in favour of the telerehabilitation group.  As illustrated in 
Figure 5-3, the lower limit of the 95% CI was within the non-inferiority margin at Week 12, but 
slightly outside of the margin at Week 24.  There was no significant overall group-by-time 
interaction effect.  
 
Table 5-3 shows the within-group differences from baseline to Week 12 and to Week 24 
assessments, for both groups combined. There was a significant overall improvement in the 6MWD 
over time (F(2,6)=3.23; p=0.048).  Specifically, there was a non-significant post-program 
improvement over baseline of 14 metres for both groups combined and a significant follow-up 
improvement over baseline of 24 metres (p=0.046).  The per-protocol-analysis performed for the 
partly adherent to adherent participants demonstrated similar results, with an estimated between-
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group difference (95% CI) of 11 (–31 to 54) metres at Week 12 and 3 (–36 to 43) metres at follow-
up, both in favour of the telerehabilitation group. 
  
Figure 5-3.  Non-inferiority plot of 6 minute walk test distance 
 
Difference between the control and telerehabilitation groups with regards to the 6 minute walk test 
distance change from pre-program to post-program and from pre-program to follow-up assessment.  
Error bars indicate the 95% confidence intervals and the shaded area indicates the non-inferiority 
zone. 
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Table 5-3.  Mean (standard deviations) of groups, mean (95% confidence intervals) difference between and within groups, and non-inferiority 
range. 
Outcome Groups a   Difference between groups b   Difference within groups b 
 Week 0  Week 12  Week 24   Week 12 minus 
Week 0 
 Week 24 minus 
Week 0 
 Non-inferiority 
range 
  Week 12 minus 
Week 0 
 Week 24 minus 
Week 0 
 Telerehab 
(n=24) 
Control 
(n=29) 
 Telerehab 
(n=24) 
Control 
(n=26) 
 Telerehab 
(n=23) 
Control 
(n=26) 
  Telerehab minus 
Control 
 Telerehab minus 
Control 
   Combined 
groups 
 Combined 
groups 
6MWD (m) 346 
(104) 
382  
(106) 
 364 
(96) 
394  
(119) 
 374 
(89) 
410 
(103) 
  15 
(–28 to 59) 
 2 
(–36 to 41) 
 –28 to positive   14 
(–13 to 41) 
 24 
(0 to 48)* 
TUGT (s) 9.4 
(2.8) 
9.6  
(3.7) 
 8.9 
(3.0) 
9.7  
(5.4) 
 8.5 
(2.2) 
9.7 
(6.6) 
  1.0 
(0.8 to 1.1) c 
 1.0 
(0.9 to 1.1) c 
 negative to 1.2    1.0 
(0.9 to 1.0) c 
 0.9 
(0.9 to 1.0) c 
10 metre walk 
test (s)  
                    
  comfortable 10.2 
(2.6) 
11.0 
(5.4) 
 9.3 
(2.1) 
10.2  
(4.5) 
 9.4 
(2.2) 
9.7 
(3.1) 
  1.0 
(0.8 to 1.2) c 
 1.1 
(0.9 to 1.2) c 
 negative to 1.5    0.9 
(0.8 to 1.0) c 
 0.9 
(0.8 to 1.0) c 
  fast 7.2 
(1.8) 
7.4 
(2.5) 
 7.1 
(2.4) 
7.4 
(3.0) 
 6.9 
(1.6) 
7.5 
(3.0) 
  1.0 
(0.9 to 1.1) c 
 1.0 
(0.9 to 1.1) c 
 negative to 1.5    1.0 
(0.9 to 1.1) c 
 1.0 
(0.9 to 1.1) c 
Strength (kg) d                     
  grip 27 
(11) 
31 
(10) 
 30 
(9) 
32 
(9) 
 30 
(7) 
32 
(9) 
  0 
(–3 to 4) 
 1 
(–2 to 4) 
 –5 to positive   2 
(0 to 4) 
 3 
(1 to 5)* 
  quadriceps 24 
(10) 
26 
(11) 
 25 
(11) 
25 
(11) 
 25 
(10) 
25 
(11) 
  1 
(–4 to 6) 
 1 
(–3 to 5) 
 –6 to positive   1 
(–3 to 4) 
 0 
(–2 to 3) 
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Outcome Groups a   Difference between groups b   Difference within groups b 
 Week 0  Week 12  Week 24   Week 12 minus 
Week 0 
 Week 24 minus 
Week 0 
 Non-inferiority 
range 
  Week 12 minus 
Week 0 
 Week 24 minus 
Week 0 
 Telerehab 
(n=24) 
Control 
(n=29) 
 Telerehab 
(n=24) 
Control 
(n=26) 
 Telerehab 
(n=23) 
Control 
(n=26) 
  Telerehab minus 
Control 
 Telerehab minus 
Control 
   Combined 
groups 
 Combined 
groups 
BOOMER (0 to 
16) 
13 
(2) 
13 
(3) 
 13 
(2) 
13 
(2) 
 13 
(2) 
13 
(3) 
  0 
(–1 to 1) 
 –1 
(–2 to 0) 
 –2 to positive   0 
(0 to 1) 
 1 
(0 to 1) 
RUIS (0 to 16) 4 
(5) 
4 
(4) 
 4 
(5) 
4 
(4) 
 4 
(5) 
4 
(4) 
  1 
(–1 to 2) 
 0 
(–1 to 2) 
 negative to 2    0 
(–1 to 1) 
 0 
(–1 to 1) 
EQ-5D                     
  VAS (0 to 
100) 
62 
(19) 
69 
(18) 
 70 
(17) 
70 
(18) 
 69 
(17) 
75 
(14) 
  7 
(–3 to 17) 
 –1 
(–9 to 8) 
 –6 to positive   5 
(–1 to 11) 
 6 
(2 to 12)* 
  Utility (0 to 1) 0.73 
(0.13) 
0.69 
(0.26) 
 0.73 
(0.21) 
0.74 
(0.21) 
 0.73 
(0.22) 
0.74 
(0.25) 
  –0.06 
(–0.17 to 0.05) 
 –0.06 
(–0.16 to 0.03) 
 –0.02 to 
positive 
  0.03 
(–0.04 to 0.09) 
 0.03 
(–0.03 to 0.09) 
MLWHFQ (0 to 
105) 
47 
(19) 
41 
(22) 
 32 
(19) 
35 
(24) 
 34 
(23) 
33 
(21) 
  –7 
(–20 to 6) 
 –4 
(–17 to 10) 
 negative to 4    –11 
(–19 to –3)* 
 –11 
(–19 to –3)* 
Abbreviations: BOOMER, balance outcome measure for elder rehabilitation; EQ-5D, EuroQoL; kg, kilogram; MLWHFQ, Minnesota living with heart 
failure questionnaire; n, number; RUIS, revised urinary incontinence scale; s, second; Telerehab, telerehabilitation group; TUGT, timed up and go test; 
VAS, visual analogue scale; 6MWD, six minute walk distance; a, descriptive statistics using non-transformed data; b, using a linear mixed-effects 
model data; c, back-transformed; d, right side; *, p-values<0.05. 
Shaded cell represents primary outcome. 
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Secondary outcomes 
As presented in Table 5-3, the between-group differences in the other functional, balance and 
muscle strength measures did not significantly differ.  Similarly, no between-group differences 
were found in quality of life and urinary incontinence.  
 
Mixed-model analyses showed that both intervention groups experienced significant improvements 
in their quality of life from pre-to post-program, and improvements were sustained at follow-up 
(Table 5-3).  However, no significant time effects were observed for most other outcome measures. 
 
Table 5-2 outlines other outcome measures including patient satisfaction and adverse events. Both 
intervention groups reported high levels of satisfaction with the program, with no significant 
between-group difference.  The telerehabilitation group had significantly higher attendance rates 
than the control group, with a mean difference (95% CI) of 6 (2 to 9) sessions.  No significant 
difference was found in the number of adverse events between the two groups.  There were no 
occurrences of death, cardiac arrest, syncope or fall in either group during the exercise session.  
There were some minor adverse events in both groups including three occurrences of angina, three 
diaphoresis and two palpitations.  
 
5.5 Discussion 
This innovative study is the first to test a group-based video telerehabilitation program delivered in 
the home against a traditional centre-based rehabilitation program for people with CHF.  Results 
verified the primary research hypothesis that the 6MWD change from baseline to Week 12 in the 
telerehabilitation group was not inferior compared with that in the control group.  However, non-
inferiority of telerehabilitation compared with traditional rehabilitation could not be proven for the 
6MWD change from baseline to follow-up.  This may be influenced by the small improvements 
observed in both groups during this unsupervised exercise phase at follow-up, in line with a 
previous study (McKelvie et al., 2002), which reported difficulty in maintaining benefits gained 
from a supervised exercise program after program cessation.  There were also no differences 
between the two intervention groups in most other functional capacity measures, muscle strength, 
quality of life, urinary incontinence, patient satisfaction and adverse events.  The only significant 
differences were relatively minor but they did favour the telerehabilitation group.  The 
telerehabilitation group had higher attendance rates compared with the control group. 
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These results resonate with previous research on telerehabilitation.  For instance, home-based 
telemonitored Nordic walking training has been demonstrated to be safe, effective and well-
accepted in patients with CHF (Piotrowicz et al., 2015b).  In telecoaching studies, the use of text 
messaging was reported to be as effective as a centre-based cardiac rehabilitation program in terms 
of 6MWD change (Varnfield et al., 2014), as well as lower costs and less days lost to 
cardiovascular readmissions (Frederix et al., 2016).  Higher attendance rates were found in the 
telemonitored exercise programs (Piotrowicz et al., 2010; Piotrowicz et al., 2015b), which are in 
agreement with our results.  The low number of adverse events experienced in our study is also 
consistent with the literature (Piotrowicz et al., 2010; Piotrowicz et al., 2015b), suggesting that 
telerehabilitation is safe in patients with CHF who meet the recommended exercise screening 
criteria (Selig et al., 2010). These minor adverse events are not uncommon in an exercise program 
and the clinicians adequately addressed the events in our study. 
 
Few studies have been performed on cardiac ‘telerehabilitation’, and 65% of these predominately 
focused on phone-based interventions (Frederix et al., 2015b).  We have added to the evidence base 
by using a video-based intervention and a range of core cardiac rehabilitation components (Balady 
et al., 2007).  Video-based telerehabilitation is a new approach which enables participants to 
exercise in the comfort of their home, whilst maintaining real-time communication with healthcare 
professionals.  For example the participant can demonstrate how they have been performing the 
exercises; and the physiotherapist can monitor the accuracy, modify and progress these exercises 
accordingly through a practical demonstration.  It is also possible to generate discussions through 
online tools such as video sharing and collaborative drawing.  This modality may help to improve 
access to those with travel or cost barriers, whilst exercising under supervision.  Furthermore, with 
a rapid expansion of Internet usage in health, this mode of healthcare delivery should be further 
explored.  Telerehabilitation has been suggested to allow early advice, detection and intervention in 
a similar approach as telemonitoring (Piotrowicz et al., 2010).  For people with CHF, structured 
telephone support and non-invasive home telemonitoring have been shown to reduce the risk of all-
cause mortality and heart failure related hospitalisations and improve quality of life (Inglis et al., 
2015).  Telerehabilitation has the potential to monitor clinical symptoms, as well as improve the 
equity of access to high quality heart failure rehabilitation programs, and thereby narrow the gap 
between recommended clinical practice and current feasibility.   
 
Strengths & limitations 
Our study is strengthened by the direct comparison of two different delivery models for heart 
failure rehabilitation programs and the same staff contact frequencies for both groups; recruitment 
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of patients who are older, female and of a broad range of aetiology and computer experience, which 
boosts the generalisability of the results.  We have also chosen relatively low-cost technologies 
available in most clinical settings, and thereby increase the likelihood of translation into usual 
practice.  However, there are some limitations.  There may be a recruitment bias, as patients 
enrolled in a rehabilitation trial may be more motivated than the general heart failure population.  
As the study was conducted in a metropolitan area with reliable internet coverage, further research 
will be required to determine the applicability of telerehabilitation in rural and remote areas with 
variable internet coverage.  A non-block randomisation design was used for the study, which 
resulted in an uneven group allocation.  Small improvements from baseline were noted in many 
outcome measurements, which may be related to a low training volume; however these results 
represent everyday clinical practice and are not uncommon in the literature.  We did not objectively 
evaluate the extent to which participants carried out independent home exercises beyond the formal 
program sessions and therefore we are unable to ascertain the exact training volume.  No formal 
cost evaluation was performed in this study and this should be the focus of future work, however 
anecdotally the cost for the delivery of both programs in this study was similar.   
 
5.6 Conclusion 
In conclusion, telerehabilitation was not inferior to centre-based rehabilitation program in patients 
with CHF on the primary measure of 6MWD change from baseline to the end of the rehabilitation 
program.  The between-group differences for the other outcomes suggest that telerehabilitation is at 
least similarly effective to traditional rehabilitation.  Telerehabilitation appears an effective and safe 
option for the delivery of heart failure exercise-based rehabilitation program.  
 
5.7 Summary 
This innovative study is the first to compare a home-based telerehabilitation program delivered via 
videoconferencing with a traditional centre-based rehabilitation program for patients with CHF.  
The telerehabilitation program designed for the randomised controlled trial consisted of a 12-week 
group-based exercise and education intervention, delivered into the patient’s home twice-weekly, 
using an online videoconferencing platform.  The telerehabilitation program was demonstrated to 
not be inferior to a traditional centre-based rehabilitation program in patients with CHF, on the 
primary measure of the 6MWD change from baseline to post-program.  There were also no 
differences between the two intervention groups on other functional capacity measures, muscle 
strength, quality of life, urinary incontinence, patient satisfaction and adverse events.  The 
telerehabilitation group had higher attendance rates compared with the control group.  
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Telerehabilitation appears to be a feasible and effective option for patients with CHF, but further 
research is required to examine patient perspectives of such a program.  This will be the focus of the 
next chapter which describes a study on patient experiences and perspectives related to this heart 
failure telerehabilitation program. 
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Chapter 6  Patient experiences and perspectives related to telerehabilitation 
 
The previous chapter presented a non-inferiority randomised controlled trial, which confirmed that 
telerehabilitation was not inferior to a traditional centre-based rehabilitation program in patients 
with chronic heart failure (CHF) on the primary measure of the 6 minute walk test distance change 
from baseline to the end of the rehabilitation program.  The between-group differences for the other 
outcomes suggest that telerehabilitation was at least similarly effective to traditional rehabilitation, 
with higher attendance rates.  Telerehabilitation appears to be a feasible and effective option for the 
delivery of heart failure exercise-based rehabilitation program.  However, there are currently 
limited studies exploring patient experiences and perspectives of such a program.  A better 
understanding of patient experiences and perspectives may inform the design of future 
telerehabilitation programs.   
 
This chapter describes patient experiences and perspectives related to a group-based heart failure 
telerehabilitation program delivered into the home via videoconferencing.  This chapter is 
comprised of a manuscript which has been published in the Heart & Lung journal, and encompasses 
additional work that was not part of the published manuscript.  Specifically, Table 3 in the original 
paper is replaced with two new figures on the motivating (Figure 6-2) and inhibiting influences of 
telerehabilitation (Figure 6-3).  Heading, table and figure formats have been altered from the 
original paper to ensure consistency throughout the thesis.  The reference list has also been omitted 
with references for this chapter included in the reference list for the entire thesis.  The paper has 
also been adapted from American-English to Australian-English to comply with the thesis 
formatting.  Copyright permission has been obtained and this paper is inserted as the accepted 
manuscript.   
 
Publication: 
Hwang, R., Mandrusiak, A., Morris, N. R., Peters, R., Korczyk, D., Bruning, J., & Russell, T. 
(2017). Exploring patient experiences and perspectives of a heart failure telerehabilitation 
program: a mixed methods approach. Heart & Lung, 46(4), 320-327, 
http://www.heartandlung.org/article/S0147-9563(16)30324-7/fulltext. 
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6.1 Abstract 
Objectives: To describe patient experiences and perspectives of a group-based heart failure 
telerehabilitation program delivered to the homes via online video-conferencing. 
 
Background: Limited information currently exists on patient experiences of telerehabilitation for 
CHF.  Patient feedback and end-user perspectives provide important information regarding the 
acceptability of this new delivery model which may have a substantial impact on future uptake.   
 
Methods: We used mixed-methods design with purposive sampling of patients with CHF.  We 
used self-reported surveys and semi-structured interviews to measure patient experiences and 
perspectives following a 12-week telerehabilitation program.  The telerehabilitation program 
encompassed group-based exercise and education, and were delivered in real-time via 
videoconferencing.  Interviews were transcribed and coded, with thematic analysis undertaken. 
 
Results: Seventeen participants with CHF (mean age [SD] of 69 [12] years and 88% males) were 
recruited.  Participants reported high visual clarity and ease of use for the monitoring equipment.  
Major themes included motivating and inhibiting influences related to telerehabilitation and 
improvement suggestions.  Participants liked the health benefits, access to care and social support.  
Participants highlighted a need for improved audio clarity and connectivity as well computer 
training for those with limited computer experience.  The majority of participants preferred a 
combined face-to-face and online delivery model.   
 
Conclusion: Participants in this study reported high visual clarity and ease-of-use, but provided 
suggestions for further improvements in group-based video telerehabilitation for heart failure.   
 
6.2 Introduction 
As the number of patients with CHF is predicted to grow with our ageing population (Krum et al., 
2006), the ability to optimise service delivery in this patient group is vital.  In a review of 
systematic reviews, there appears to be promising evidence of high patient satisfaction with 
telemedicine, including telerehabilitation across various patient groups (Ekeland et al., 2010).  
Telerehabilitation is defined as the delivery of rehabilitation services at a distance via 
telecommunication technologies (Russell, 2007), such as telephone, internet and videoconference.  
This emerging delivery model can potentially empower patients, promote confidence and deepen 
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understanding of their condition, thereby leading to improved health outcomes (Ekeland et al., 
2010).   
 
While there is some evidence to support the efficacy of telerehabilitation in improving exercise 
capacity and quality of life in patients with cardiac conditions (Frederix et al., 2015a; Piotrowicz et 
al., 2010; Piotrowicz et al., 2015a), little is known about patient experiences and perspectives for 
the CHF group.  Current literature on telerehabilitation in CHF populations has mainly consisted of 
quantitative studies that report changes in clinical outcomes such as exercise capacity and health-
related quality of life, rather than patient experiences and perspectives.  However, there are a few 
studies exploring patient perspectives toward telerehabilitation in other patient groups.  For instance 
patients with chronic obstructive pulmonary disease (COPD) reported that telerehabilitation 
provided via web-portal and videoconferencing led to health benefits, increased self-efficacy and 
motivation (Dinesen et al., 2011; Hoaas et al., 2016; Tsai et al., 2016).  Similarly, patients with joint 
replacements highlighted the fact that they developed a strong therapeutic relationship with 
clinicians during the video-based telerehabilitation program (Eriksson et al., 2011; Kairy et al., 
2013).  Other studies also found that patients were generally satisfied with the video-based 
telerehabilitation program, but experienced some technological usability issues (Hoaas et al., 2016; 
Holland et al., 2013a; Tsai et al., 2016).  Despite these generally positive comments, the uptake of 
telerehabilitation into clinical practice remains slow.  It is therefore important to better understand 
the experiences and perspectives of patients who have received this program delivery model so that 
services can be tailored to their needs. 
  
Given the expansion of telerehabilitation services for people with CHF, a need exists to develop a 
comprehensive understanding of patient perspectives and experiences with telerehabilitation by 
collecting both quantitative and qualitative data (Ekeland et al., 2012; Kairy et al., 2009).  Using 
this approach, we will be able to converge and corroborate the two forms of data to bring greater 
insight into complex interventions such as telerehabilitation than would be obtained by either type 
of data separately (Caffery et al., 2017; Creswell & Plano-Clark, 2011).  Therefore, the aim of this 
mixed methods study was to explore patient experiences and perspectives related to a heart failure 
telerehabilitation program delivered into the homes via online videoconferencing.   
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6.3 Methods 
Design 
This study was part of a larger multi-centred trial investigating the effects of a heart failure 
telerehabilitation program conducted in tertiary hospitals in Queensland, Australia.  In brief, the 
larger trial recruited patients with stable CHF, who were enrolled in a 12-week comprehensive heart 
failure disease management program.  Participants were randomised either to a 12-week real-time 
video-based telerehabilitation program delivered twice-weekly, or a control group of traditional 
centre-based heart failure rehabilitation program of the same duration and frequency.   
 
Participants for this study were considered if they had attended at least two of the twenty-four 
available telerehabilitation sessions.  Purposeful, maximum variation sampling was adopted.  A 
convergent mixed methods design was used, where quantitative and qualitative data were collected 
in parallel, analysed separately and then merged into an overall interpretation (Caffery et al., 2017; 
Creswell & Plano-Clark, 2011).  The study was approved by the human research ethics committees 
of participating hospitals and university, and included in the Australian Clinical Trials Registry 
(ACTRN12613000390785). 
 
Participants 
To ensure that we had a range of age, gender, experience with rehabilitation programs and using 
technology, the sample included at least two patients from each of the following categories: gender; 
age (under 60 years old, between 60 and 80 years and over 80 years); previous and no previous 
experience with centre-based cardiac rehabilitation programs (to allow comparison between two 
different program delivery models); previous and no previous experience with computers; and 
previous and no previous experience with exercise.  Patient experience with technology and 
exercise were self-reported.  Patient characteristics such as age and confidence with technology 
have been suggested to have an impact on how telehealth can affect outcomes (Salisbury et al., 
2015).  Participants were recruited concurrently with data analysis and recruitment continued until 
data saturation was reached. 
 
Intervention 
The telerehabilitation program in the randomised controlled trial consisted of a 12-week group-
based exercise and education intervention delivered into the patient’s home twice-weekly, using an 
online videoconferencing platform (Adobe Connect 9.2).  The program is consistent with the 
TElehealth in CHronic disease (TECH) model (Salisbury et al., 2015), that includes a focus on 
patient and clinician engagement and effective chronic disease management for facilitating the best 
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chance of success for telehealth interventions.  For instance, we implemented engagement strategies 
through information booklets, demonstration sessions and introductory letters.  The project 
facilitated chronic disease management through self-monitoring and goal setting; actively 
delivering exercise-based rehabilitation; and fostering partnerships through regular communications 
with the primary healthcare providers and specialists.  A videoconferencing approach enabled 
clinicians to observe the participants exercising in real-time; provide feedback and modification as 
required; and facilitate peer support.  Educational topics were delivered as PowerPoint 
presentations with voice narrations.  As listed in Table 6-1, topics included nutritional and physical 
activity counselling, in line with recommended core components of cardiac rehabilitation (Balady et 
al., 2007).  A 15-minute interaction period was held at the start of each telerehabilitation session to 
facilitate group discussions of these educational topics.   
 
Table 6-1.  Telerehabilitation program content 
Program content Description  
Equipment  
laptop computer Inspiron 15, Dell Inc. 
mobile broadband device E3131 modem, Huawei Technologies Co. Ltd. 
3G wireless broadband Internet Optus, Australia. 
automatic sphygmomanometer Ri-champion N, Rudolf Riester GmbH. 
finger pulse oximeter Digit 3420, BCI 
free weights and resistance bands  
Exercise Group-based aerobic and strength training 
Education  Topics included self-management, nutritional and physical 
activity counselling, medications and managing lifestyle 
and relationship. 
 
 
Telerehabilitation equipment was loaned to the participants as required.  Participants received a 
demonstration session, either in-person at the hospital or during a home visit, to become familiar 
with the equipment.  An equipment information booklet with written and pictorial instructions was 
also supplied.  Participants were guided to self-monitor and verbally report their vital signs at the 
beginning and end of each telerehabilitation session.  Telephone contact details of the clinicians 
were included in the event that participants needed additional assistance or encountered technical 
difficulties.  Safety strategies included exercise safety checklist, availability of a support person 
during the telerehabilitation session, and a protocol for managing adverse events.   
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Data collection 
We collected quantitative and qualitative data via surveys and interviews respectively.   
More specifically, we collected the quantitative data with self-reported surveys to determine the 
perceived usability of the technology and preferred program delivery model.  The qualitative data 
were collected via semi-structured interviews to explore impressions of the telerehabilitation 
program, motivating and inhibiting influences, and suggestions for improvements.   
 
Quantitative: A survey was developed with seven open-ended questions identified from the 
literature (Salisbury et al., 2015; Steele et al., 2012), and from clinical and research experience.  
The survey used 10-centimetre visual analogue scales to collect participant responses on the 
audiovisual clarity; ease of use of computer and monitoring equipment; and general confidence 
with technology.  There were also questions pertaining to the preferred program delivery model and 
suggestions for improvements.  We pilot tested the survey and interview on two patients prior to 
study commencement and modified the survey according to this feedback.  The surveys were 
posted to study participants after completing a 12-week telerehabilitation program.   
 
Qualitative: Semi-structured interviews were conducted to solicit further information from the 
participants.  The interviews were conducted between October 2013 and June 2015 by independent 
assessors not involved in the delivery of the telerehabilitation programs.  Interviews were conducted 
face-to-face at the post-program assessment in a private hospital clinic room and the participant’s 
support person could remain in the room upon the participant’s request.  The assessors were four 
hospital physiotherapists (with an average of 11.5 years of work experience in physiotherapy).  The 
assessors used a standardised protocol for completing the interview.  The interviews were audio-
recorded and transcribed, and the transcripts de-identified.   
 
During the interviews, participants were encouraged to speak freely about their experiences and 
perspectives of the telerehabilitation program.  They reflected on the initial and subsequent 
impressions of the telerehabilitation program, motivating and inhibiting influences of the program, 
and suggestions for improvements.  The questions based on an interview guide (Appendix 9.7).  
Field notes were also undertaken to provide contextual details and record non-verbal expressions.  
Interview quotes were linked to replacement names to maintain patient confidentiality.   
 
Demographic and clinical information were obtained from patient interviews, surveys and medical 
records, and included aetiology, co-morbidities, New York Heart Association (NYHA) functional 
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classification at post-program, socioeconomic status, centre-based program experience, exercise 
and computer experience, and travel time to the hospital.  
 
Data analysis 
Statistical analysis of the quantitative data was performed using SPSS Statistics 22 (SPSS Inc., 
Chicago, IL).  Descriptive analyses of clinical variables were computed.  Data were checked for 
missing values, distribution and outliers; and presented as means (standard deviations [SD]) and 
counts (percentages) as appropriate. 
 
Thematic analysis of the qualitative data was undertaken with the assistance of commercial 
software, NVivo version 11 (QSR International Pty Ltd, Melbourne, Australia).  Thematic analysis 
has been advocated to explore patterns of perceptions that are anticipated as well as those that are 
generated from the data (Braun & Clarke, 2006).  Surveys, audio and transcripts were imported into 
this software for data management and analysis preparation.  The initial stage involved general 
inductive analysis, where the interview transcripts were repeatedly read and openly coded (Thomas, 
2006).  Coding was undertaken independently by experienced qualitative research coders with 
discussion between coders undertaken to reach consensus (if differences were identified).  
Bracketing was used to reduce coders’ personal biases and preconceived ideas (Cohen et al., 2000).  
The codes were then used to construct a list of categories and the categories were grouped into 
themes (Richards, 2009).  The coding structure was revised and refined throughout the data 
interpretation process to reduce duplication, identify new categories and incorporate new themes 
and insights (Braun & Clarke, 2006).  Approaches to assist with pattern recognition included 
hierarchical and axial coding which links themes with a commonality or causal relationship 
(Bazeley & Jackson, 2013) and considers how themes relate to one another respectively (Corbin & 
Strauss, 2008).  Similarly, matrix coding queries (Bazeley & Jackson, 2013) were utilised to 
determine the impact of age, gender and computer experience on telerehabilitation experience.  
Themes were presented as concept maps where possible and discussed with the investigator team to 
confirm concurrence of perception.  These themes were then reviewed in relation to each original 
transcript and confirmed by other members of the investigator team.  Member checking with all the 
participants and triangulation with the survey results were also used to ensure accuracy of interview 
interpretations.  The rigor of the qualitative analysis was compared with the Consolidated Criteria 
for Reporting Qualitative Research (COREQ) (Tong et al., 2007), which is a 32-item checklist 
covering study design, analysis and findings. 
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6.4 Results 
Flow of participants 
A total of 17 participants were recruited to the study, at which point data saturation was achieved.  
No patients declined to participate in the interview.  Of the participants, 88% were male, with a 
mean (SD) age of 69 (12) years.  The mean (SD) travel time to the hospital was 30 (14) minutes and 
41% of the participants had no computer experience.  Table 6-2 summarises participant 
characteristics.  Interview durations ranged from 6 to 38 minutes, with a mean (SD) of 25 (10) 
minutes.   
 
Table 6-2.  Demographics of patient experiences and perspectives study 
Patient characteristics Total (n=17) 
Age (years), mean (SD) 69 (12) 
Age group, n (%)  
< 60 years old 4 (24) 
60–80 years old 11 (65) 
> 80 years old 2 (12) 
Men, n (%) 15 (88) 
Ethnicity, n (%)  
Caucasian 15 (88) 
other 2 (12) 
Aetiology, n (%)  
ischaemic cardiomyopathy 11 (65) 
idiopathic cardiomyopathy 3 (18) 
Heart failure with preserved ejection fraction, n (%) 3 (18) 
LVEF (%), mean (SD) 34 (14) 
Cardiac pacemakers or implantable cardiac defibrillators, n (%) 6 (35) 
Co-morbidities, n (%)  
atrial arrhythmia in past 5 years 8 (47) 
diabetes mellitus 10 (59) 
COPD or asthma 2 (12) 
arthritis 3 (18) 
NYHA, n (%)  
I 1 (6) 
II 15 (88) 
 89 
Patient characteristics Total (n=17) 
III 1 (6) 
IV 0 
Living situation, n (%)    
with family 16 (94) 
with others 1 (6) 
Occupation, n (%)  
retired  8 (47) 
pension 7 (41) 
full-time employment 2 (12) 
No computer experience, n (%) 7 (41) 
No exercise experience, n (%) 4 (24) 
Experience with centre-based exercise programs, n (%) 5 (29) 
Travel time to hospital (minutes), mean (SD) 30 (14) 
Abbreviations: COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection 
fraction; n, number; NYHA, New York Heart Association scale; SD, standard deviation. 
 
 
Quantitative  
As shown in Figure 6-1, the mean (SD) audio and visual clarity scores were 7 (2.8) and 9.1 (1.6) on 
a 10-point scale respectively; and ease of use of computer and monitoring equipment were 7.8 (3.1) 
and 9.3 (1.1) respectively.  In terms of the preferred program delivery model, 29% of participants 
preferred online and 47% preferred a combined face-to-face and online approach.   
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Figure 6-1.  Questionnaire responses 
 
The shaded bars represent the means and the error bars represent the standard deviations (SD) of 
responses. 
 
 
Qualitative 
Major themes derived from the interviews included the motivating and inhibiting influences of 
telerehabilitation and suggestions for improvements.   
 
Motivating influences of telerehabilitation 
Motivating influences for participating in the telerehabilitation program included improved health 
outcomes, access to care, and social support (see Figure 6-2).  The participants reported health 
outcomes such as increased strength, improved mood and balance, reduced symptoms, return to 
daily activities and fewer hospital readmissions.  These health benefits were exemplified by Paul: 
“I liked the program because I felt my health has improved… Before, let me tell you something, 
before I used to do three laps around the house and I would have to stop.  Now I can do 10 laps and 
I don’t feel tired”. 
 
A key motivating influence reported by all participants was the access to care with reduced 
transportation.  More specifically, participants liked the program convenience, as there was no 
parking cost and travel time, and thereby lowered the family burden.  Bob described that “it was 
very positive (not having to come into hospital).  The wife doesn’t like me to drive anymore and it’s 
a burden on her to drive in here all the time.  It saves a lot of worry (not having to find a park at the 
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hospital).  And while I’m doing it at home, it frees her up to do something else”. 
 
Another motivating influence was receiving social support from the family, other participants and 
clinicians.  Interestingly, participants reported spending more time with the family during the 
telerehabilitation sessions and the family also gaining health benefits from undertaking the same 
exercises.  These unexpected benefits were highlighted by Craig: “when [the family] saw me 
walking on the treadmill and doing some various exercises, it sort of threw them into thinking well 
maybe we should do some exercise too”.  Similarly, many participants appreciated the support from 
other participants, such as recipe swaps and well wishes from others when feeling too unwell to 
attend a session.  Gary described that “it was more relaxing (at home)…, because you are around 
your family and that’s a support.  We [the participants] had laughs and talked about the football.  
Even though I was younger, we all had that one thing in common and it didn’t matter”.  This view 
was echoed by participants with culturally and linguistically diverse backgrounds.  Mario 
responded that “well it just showed we were all in communication doing it together, I wasn’t doing 
it alone”.  Participants trusted the clinicians and felt supported during the program.  This view was 
exemplified by Jim: “I feel it gives you like you’ve got friends and you look up to [the clinician] 
because she’s like a friend there doing this for you”.  
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Figure 6-2.  Motivating influences of telerehabilitation 
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The participants also described the telerehabilitation program as easily accessible, safe and 
structured which facilitated program adherence.  This ease of accessibility was illustrated by Don: 
“you see the main thing is that [the clinician] up the front is showing you what to do, so you’re 
trying to imitate it... So it is easy to sit there and get your arm in the right position”.  Interestingly, 
many participants also felt safe during the telerehabilitation program, as they were directly 
supervised in a relaxed home environment.  For instance, the remotely located physiotherapist 
could see as well as the co-located family member when participants were getting tired and 
modified the exercise accordingly.  This supervision and a structured program facilitated program 
commitment and thereby promoted adherence.  This view was summarised by Ray: “the fact that 
somebody was watching me meant that the commitment had to be there to do it and you had to do it 
properly.  And you also couldn’t cheat cause [the clinician] was there saying that looks good, lift 
that arm a bit higher for example”.  Similarly, June explained that “I liked the discipline of it.  
There were probably a few days where I would’ve stayed in bed for a bit longer.  I also felt more 
competent in myself because you knew you had those two days of contact with [the physiotherapist] 
and with the cardiac nurse, so it was good to be able to talk things through and get a clearer 
picture”. 
 
A number of participants described improved knowledge in heart failure self-management and 
modified risk factors via dietary changes and reduced alcohol intake.  This view was expressed by 
Gary: “it’s giving me a better understanding of the disease.  I was put at ease as to how to cope 
with heart disease”.  Similarly John reported improved confidence: “I was afraid to get out of the 
house (since the insertion of implantable cardiac defibrillator).  I think this has probably helped the 
confidence... and I haven’t been in hospital since [I] started the program, touch wood”.  
Participants also highlighted that the program helped to establish regular routines for exercising.  
Fourteen participants (82%) reported that they had continued with the exercises since program 
completion.  This continuation of exercise was outlined by Paul: “If I don’t continue, then all the 
benefits of the program will be lost”. 
 
Inhibiting influences of telerehabilitation 
Although some participants were initially uncertain about what the program would entail and 
concerned about learning a new technology, they reported overwhelming positive feelings by the 
end of the program.  Many participants had no initial idea about the program and reported a "fear of 
the unknown", but were willing to "give it a go" and do "anything to improve health".  Some 
participants also reported feeling more confident about participating in the telerehabilitation 
 94 
program after experiencing it during the demonstration session and accessing the equipment 
information booklet.   
 
Some of the challenges encountered during the telerehabilitation program were technical issues 
such as audiovisual clarities and connectivity difficulties (refer to Figure 6-3).  This is in agreement 
with the survey results which showed lower scores for auditory clarity when compared to visual 
clarity.  In an extension of the survey results, a number of participants reported auditory fading, 
delay and feedback during the sessions.  Ray described that: “[the clinician] would fade in and out 
or if a plane would go over, which happened quite a lot, I would lose [the clinician] all together.  
Or if the weather was wet, the sound was hopeless.  So there were quite a few things like that.  Just 
the technical side of things”.  A few participants also experienced visual difficulties such as image 
freezing, image absence and small video window (secondary to the number of group participants).  
Although the participants encountered some technical issues like internet drop-outs and sub-optimal 
sound qualities, they remained committed to the program as they perceived that the health outcomes 
and convenience outweighed the technical issues.  Don summarised: "it might have frustrated you, 
but it didn't frustrate me".  The participants adopted a range of strategies to overcome these 
technical issues.  For example, they repeated conversations, talked in turns, relied on phone 
communications, followed the clinician's visual prompts and continued with the exercises 
independently while the clinician helped others in resolving technical issues.  June explained that 
“it was probably a little bit inconvenient that it dropped out a lot, but that wasn’t a huge problem 
because after a couple of sessions you pretty much knew where the exercises were going while it 
was being reinstated.  So it was easier”.   
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Figure 6-3.  Inhibiting influences of telerehabilitation (technical difficulties) 
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Interestingly, there appears to be no difference between those with computer experience and those 
with no computer experience regarding the inhibiting influences of telerehabilitation.  Both groups 
disliked the technical issues including audiovisual and connectivity difficulties.  Those with no 
computer experience required more family and clinician support with accessing the 
telerehabilitation program to "keep an eye out" for the participant and "be there for them".  
Interestingly, participants also reported that their families were happy to provide emotional support 
and technical assistance as they could see the health benefits.  This view was expressed by Paul: 
“my family is happy with the program like me.  My wife is happy with me.  She knew the 
telerehabilitation program was going to improve my health.  My daughter is also happy, no 
problem”.  Some participants with no computer experience viewed this new skill acquisition as a 
positive challenge and one participant purchased a new laptop of the same model as the one used in 
the telerehabilitation program.  As Bob said, “The hardest part was the computers and that was the 
part I used to worry about most.  I’ll be 80 next birthday.  But afterwards I enjoyed the fact that I 
was using it and I knew how to use one a bit.  I skite amongst my mates about how good I am on a 
computer”.  Similarly gender and previous experience with centre-based exercise also had no 
impact on the participants’ perceptions of the inhibiting influences of telerehabilitation and program 
delivery models.  However age seems to have an impact with older participants requiring more 
support to overcome the inhibiting influences of telerehabilitation. 
 
Suggestions for improvements and advice for others  
Consistent with the surveys, the participants recommended a range of strategies as illustrated in 
Figure 6-4 to address the inhibiting and maximise the motivating influences of the telerehabilitation 
program.  For instance, the participants suggested a demonstration session and ongoing practice to 
address fear of the unknown and computers.  For participants with initial concerns about exercise, 
medical endorsement and education could also alleviate these concerns.  As Jim explained, “… 
(initially was concerned that I might) not be well enough to do this (telerehabilitation program), … 
there was one day I went back to the doctor and spoke about it and the doctor said just give it a go 
and just see how it goes so that’s what we did and now we’re very pleased”.  A number of the 
participants also highlighted a need for technical improvements including improved auditory clarity 
through the use of wireless headphones and the ability of the clinician to control the audio 
amplification of each participant; improved visual clarity through wide screens and highlighting the 
speaker; enhanced connectivity through the use of broadband internet; and computer training for 
those with limited computer experience.  Another suggestion was the inclusion of trouble-shooting 
tips in the information booklet. 
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All participants supported the idea of extending the telerehabilitation program to people in rural and 
remote areas.  As Joe summarised, “it should be encouraged whether you are rural or local.  Go 
for it, overcome any obstacles you may have with the technology and learning how to use it”.  
Participants believed that telerehabilitation may be cheaper for the user than accessing centre-based 
programs.  Consistent with the survey results, the majority of participants preferred a mixed method 
where telerehabilitation sessions are combined with occasional in-person contacts.  Interestingly, 
previous experience with centre-based cardiac rehabilitation programs had no impact on preferred 
program delivery model.  As Don advised potential participants, “do it.  It’s the way of the future”. 
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Figure 6-4.  Suggestions to address inhibiting influences of telerehabilitation 
 
A shaded oval represents patient experiences with a heart failure telerehabilitation program.  Shaded rectangles with rounded corners indicate the 
inhibiting influences of telerehabilitation.  Clear rectangles represent suggestions to address inhibiting influences of telerehabilitation. 
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6.5 Discussion 
Overall, participants in this heart failure telerehabilitation program reported positive experiences 
and perceptions with the program.  A major contribution of our study was the discovery of various 
motivating influences of a telerehabilitation program, including health outcomes, access to care 
with reduced transportation, social support, safe exercise environment, and enhanced knowledge in 
heart failure self-management.  A key motivator expressed by all participants was the easy access 
with reduced travel time.  This is in agreement with other studies in patients with COPD, where 
telerehabilitation provided access to clinicians with specialised knowledge in the area (Hoaas et al., 
2016; Tsai et al., 2016).  Similarly in a qualitative study, patients with total knee arthroplasties 
described the elimination of travel as the predominate benefit of telerehabilitation (Kairy et al., 
2013).  Another strong motivating influence in our study was social support from the family, other 
participants and the clinicians.  A group-based program was chosen for our study, as it has been 
suggested that many participants enjoy group interaction and social support from other participants 
(Neubeck et al., 2012; Tsai et al., 2016).  This is in agreement with a study on community-based 
exercise program for people with chronic respiratory disease and CHF, where many participants 
recognised that it was difficult to exercise independently and that they required the mutual 
encouragement of other participants and the physiotherapists (McNamara et al., 2016).  Indeed, 
socialisation and health outcomes are the frequently reported reasons to be physically active in the 
general elderly population (Hartman et al., 2013), and are also frequently reported in traditional 
centre-based heart failure rehabilitation programs (Neubeck et al., 2012; Taylor et al., 2014).  
Participants in our study indicated health outcomes of telerehabilitation such as reduced symptoms 
and hospitalisations, as well as unexpected benefits from the social support like family 
connectedness and reduce isolation.  Improved knowledge in heart failure self-management was 
also a motivator found in our study and this is consistent with previous telerehabilitation research in 
patients with COPD (Hoaas et al., 2016).  Our participants reported that the telerehabilitation 
program provided an appropriate level of supervision from a distance.  This view is reflected in 
other studies, which also found that telerehabilitation provided a standardised, tailored and 
challenging exercise (Kairy et al., 2013) and maintained closeness at a distance (Eriksson et al., 
2011) in patients with joint replacements.   
 
Inhibiting influences identified through the interviews were confirmed by the survey results, where 
there were lower scores for auditory clarity and ease of computer use.  Despite these challenges, 
participants remained committed to the program as they perceived that the health outcomes and 
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convenience outweighed the technical issues. This is in line with the unified theory of acceptance 
and use of technology model (Venkatesh et al., 2012), which suggests that performance expectancy 
(perceived usefulness of telerehabilitation) and effort expectancy (ease of use of computer and 
monitoring equipment) are the influencing factors on patients’ acceptance of and compliance with 
telerehabilitation, and age and experience are the moderators.  Similar to our study results, these 
authors argue that older patients and those with less experience tend to place greater importance on 
support and facilitating conditions when using a new technology (Venkatesh et al., 2012).  
Therefore more resources should be targeted at older patients and those with less experience when 
launching a new technology.  
 
Our study participants utilised and recommended various strategies to overcome these inhibiting 
influences like accessing the demonstration session and information booklet, using phones as 
backup communications, connecting to broadband instead of wireless internet, and relying on 
family for computer support.  These recommendations in combination with the motivating 
influences are consistent with the patient characteristics and effective chronic disease components 
of the TECH model.  Some suggested strategies to maximise a successful telehealth implementation 
include facilitate confidence with technology, access fast reliable internet, adopt simple inexpensive 
technology, promote self-monitoring, encourage active participation and regularly review patient 
progress (Salisbury et al., 2015).  Consistent with previous work (Hoaas et al., 2016; Kairy et al., 
2013), most of our participants preferred to complement telerehabilitation with in-person visits. 
 
Results of this study can help to inform the design of future telerehabilitation programs.  For 
instance when planning for future telerehabilitation programs, it is important to maximise the 
motivating influences like sharing re-assessment findings with the patients to demonstrate a change 
in health outcomes and highlighting the benefits of telerehabilitation in providing an easily 
accessible program with a reduced transport burden.  It is also important to implement strategies to 
overcome the inhibiting influences like accessing fast reliable internet and providing extra resources 
for older patients and those with less experience with technology.  A better understanding of the 
motivating and inhibiting influences of a telerehabilitation program can help clinicians, researchers 
and industry partners to harness the motivating influences and combat the inhibiting influences, 
which in turn may maximise the future success of telerehabilitation programs.   
 
Strengths and limitations 
The current study has strengths including purposeful sampling; independent coders; and 
triangulation of the data.  However there are some limitations.  As the interviews were conducted in 
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hospital, the participants may have been more reserved and less empowered than if they were 
interviewed in a familiar environment.  We attempted to minimise this effect by using independent 
assessors not involved in the delivery of the telerehabilitation programs or in the direct clinical care 
of these participants.  As all of the participants were recruited from the same city, it may be difficult 
to generalise the study findings.  However we purposefully recruited patients with a range of patient 
characteristics to identify the impact of age, gender and computer and exercise experience.  There 
was also an imbalance in gender distribution in line with a lower participation rate in rehabilitation 
programs for women (Neubeck et al., 2012).  While males predominate in the majority of published 
exercise-based rehabilitation studies in this population (Taylor et al., 2014), it is also commonly 
seen in clinical practice (Park et al., 2017).  As our study focused on patient experiences and 
perspectives of a heart failure telerehabilitation program, future studies should explore other views 
including the patient’s support person and clinicians involved in the delivery of telerehabilitation 
programs. 
 
6.6 Conclusion 
In summary, participants in this heart failure telerehabilitation program reported high visual clarity 
and ease-of-use, but provided suggestions for further improvements.  Information on patient 
experiences and perceptions of telerehabilitation can help to facilitate future uptake and success of 
this delivery approach. 
 
6.7 Summary 
Overall, participants in this heart failure telerehabilitation program reported positive experiences 
and perspectives related to the program.  A major contribution of our study is the discovery of 
various motivating and inhibiting influences of telerehabilitation and improvement suggestions.  
Participants liked their improved health outcomes, easy access to care with reduced transportation 
and increased social support.  Inhibiting influences identified through the interviews were 
confirmed by the survey results, where there were lower scores for auditory clarity and ease of 
computer use.  Despite these challenges, participants remained committed to the program as they 
perceived that the health outcomes and convenience outweighed the technical issues.  Participants 
suggested a need for improved audio clarity and connectivity, as well as computer training for those 
with limited computer experience.  A better understanding of these patient experiences and 
perspectives related to a telerehabilitation program can inform the design of future telerehabilitation 
programs.   
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Chapter 7  Discussion 
 
The overarching goal of this thesis was to explore a new service delivery model (video-based 
telerehabilitation) for providing heart failure exercise-based rehabilitation programs.  In order to 
achieve this goal, five studies were undertaken.  This concluding chapter summarises the main 
findings from these five studies in the context of current literature, and discusses the implications 
for clinical practice, study strengths and limitations and directions for future research.  There is a 
focus on comparing the main findings with relevant literature, including work published subsequent 
to our systematic review.   
 
An overview of exercise-based rehabilitation was provided in Chapter 1.  This approach is 
recommended for the management of patients with chronic heart failure (CHF) (Selig et al., 2010) 
and has been shown to increase exercise capacity (Lewinter et al., 2014; Rees et al., 2004), improve 
quality of life and reduce hospitalisations (Taylor et al., 2014).  Despite this overwhelming benefit, 
there is still an under-utilisation of exercise-based rehabilitation programs across the world (Pack et 
al., 2015; Piepoli et al., 2015; Redfern et al., 2014).  Traditionally these programs are provided by 
healthcare professionals in centralised facilities (Piepoli et al., 2011).  However there are barriers 
for attending these centre-based programs, such as program availability, inconvenience, transport 
difficulties and financial costs (Conraads et al., 2012; Dunlay et al., 2009; Neubeck et al., 2012).  In 
a geographically vast country such as Australia, distance can magnify these barriers.  There is a 
push in recent literature for alternative flexible models in an effort to improve program uptake and 
attendance (Piepoli et al., 2016; Rawstorn et al., 2016; Woodruffe et al., 2015).  Telerehabilitation 
is an alternative which may alleviate some of the barriers. 
 
With the advances of new technologies and the ubiquitous internet, there is a growing opportunity 
to deliver various home-based services for patients with CHF, as explained in Chapter 1.  To 
summarise, telemonitoring can be used to monitor patient’s physiological status (heart rate, blood 
pressure and weight) and clinical symptoms (chest pain, dyspnoea and oedema) at home via 
external monitoring devices or implantable cardiovascular devices, and thereby identify 
deteriorations in health (Chaudhry et al., 2007); telecoaching can be used to provide in-home 
support or advice on risk factor modifications via motivational text messaging (Chow et al., 2015; 
Frederix et al., 2015a) and coaching sessions over the telephone (Piamjariyakul et al., 2013); and 
telerehabilitation can be used to deliver rehabilitation services across a distance via 
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telecommunication technologies (Frederix et al., 2015b; Holland & Cox, 2017; Piotrowicz et al., 
2016a) such as online videoconferencing.   
 
Current literature suggests that telerehabilitation is effective in patients with cardiopulmonary 
diseases.  In particular, outcomes from a telerehabilitation delivered program for patients with 
cardiopulmonary diseases are not different to traditional centre-based programs, in terms of exercise 
capacity (Maltais et al., 2008), quality of life (Piotrowicz et al., 2010) and adverse events (Arthur et 
al., 2002).  Telerehabilitation has higher adherence rates compared with centre-based programs 
(Piotrowicz et al., 2010).  However the majority of research is focussed on phone-based 
telerehabilitation and further research on video-based telerehabilitation is warranted.  Video-based 
telerehabilitation enables real-time audiovisual communications, and offers an opportunity to assess 
functional exercise capacity remotely.   
 
7.1 Summary of key findings 
7.1.1 Systematic review 
From a systematic review of the literature, telerehabilitation appears effective in improving physical 
or functional outcomes in patients with cardiopulmonary diseases (Hwang et al., 2015).  In 
particular, telerehabilitation is at least as effective as traditional centre-based rehabilitation 
programs for patients with cardiopulmonary diseases, in terms of exercise capacity as measured by 
the 6 minute walk test (6MWT) and peak oxygen consumption (Frederix et al., 2015a; Tsai et al., 
2017), quality of life (Holland et al., 2016; Piotrowicz et al., 2010), and adverse events (Arthur et 
al., 2002; Piotrowicz et al., 2015b).  Telerehabilitation has higher adherence rates (Piotrowicz et al., 
2010; Varnfield et al., 2014), higher patient satisfaction levels and appears to be more cost-effective 
compared with centre-based programs (Frederix et al., 2016; Kraal et al., 2017).  As this is a 
relatively new research area, there are only a few studies in each disease and the majority used 
phone-based telerehabilitation.  There is currently limited research about the use of video-based 
telerehabilitation for patients with cardiopulmonary diseases.  This video-based approach should be 
the focus of further research, incorporating clinical outcome measures and adherence rates, as well 
as within- and between-group differences.  As there is a wide range in quality ratings of the 
included studies, future research should ensure a rigorous methodology such as the consistent use of 
assessor blinding and concealed allocation.   
 
This systematic review has contributed new information to our knowledge of telerehabilitation.  
Examples include the effects of telerehabilitation programs on physical or functional outcomes in 
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patients with cardiopulmonary diseases, the common delivery models used in telerehabilitation, and 
directions for future research.  Information from this review guided closely the design and 
implementation of our studies on telerehabilitation assessment and treatment in patients with CHF. 
 
7.1.2 Timed up and go test 
The timed up and go test (TUGT) was considered to be a suitable functional outcome measure in 
heart failure rehabilitation programs and telerehabilitation assessments.  However, it had not been 
validated in the face-to-face environment in patients with CHF.  Our study demonstrated that the 
TUGT was both reliable and valid in a group of 278 patients recently discharged from hospital with 
CHF (Hwang et al., 2016).  Specifically, there was excellent test-retest reliability when the test was 
performed on the same day and a strong association with other functional exercise tests (6MWT 
and 10 metre walk test).  Slower TUGT time was associated with poorer quality of life, older age, 
worsening disease severity and recent falls history.  The minimal detectable change at 95% 
confidence interval for the TUGT was 22%. 
 
The advantage of the TUGT is that it is quick, easy-to-administer and requires only a small amount 
of space, making it an appropriate measure within the home and clinic environments.  The TUGT 
reflects important daily physical functions, such as the ability to rise from a chair and walk around 
the house.   
 
Findings from this study make several contributions to the current literature.  Firstly, the TUGT 
appears reliable and valid, and may prove a practical outcome measure for patients with CHF.  This 
measure may be well suited to a telerehabilitation context as well as a broader application outside of 
telerehabilitation such as centre-based heart failure rehabilitation programs.  Secondly, our study 
established the minimal detectable change of the TUGT for patients with CHF.  This is an estimate 
of the smallest change in score that is not caused by chance variation in measurement (Weir, 2005), 
and can be useful in clinical practice.  For instance, there is a 95% probability that a repeated 
measure of the TUGT will be within 22% of the original score for patients with CHF.  Thus a 
difference in performance of greater than 22% likely represents a true change beyond the expected 
variability in performance.  Thirdly, we found a learning effect of the TUGT, consistent with 
previous findings in cardiac rehabilitation (Bellet et al., 2013).  These results support the practice of 
performing two tests and using the best performance for analysis (Bellet et al., 2013; Mesquita et 
al., 2013).   
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7.1.3 Telerehabilitation assessment 
To our knowledge, this is the first study to investigate telerehabilitation assessment of functional 
exercise capacity in patients with CHF.  Our study confirmed the validity and reliability of using 
video-based telerehabilitation to administer three functional tests (6MWT, TUGT and grip strength) 
in a group of patients with CHF (Hwang et al., 2017c).  Specifically, the limits of agreement of 
telerehabilitation compared with face-to-face assessments were within the clinically acceptable 
limits for the TUGT and grip strength, but outside of the limits for the 6MWT.  There were strong 
associations between telerehabilitation and face-to-face assessments.  Results also showed that the 
telerehabilitation assessment had excellent inter- and intra-rater reliabilities for the 6MWT, the 
TUGT and grip strength.  These results resonate with previous research, where telerehabilitation 
assessments were demonstrated to be valid and reliable when compared with face-to-face 
assessments in other patient populations (Cox et al., 2013; Mani et al., 2017; Russell et al., 2013).  
Some incidences of connectivity and audiovisual difficulties were encountered, but patient 
satisfaction with the telerehabilitation assessment remained high and most participants found the 
system easy to use.  The use of video-based telerehabilitation assessment appears promising in 
patients with CHF.   
 
7.1.4 Telerehabilitation intervention 
There are currently a small number of studies on telerehabilitation in patients with cardiopulmonary 
diseases and the majority focussed on phone-based communications (Frederix et al., 2015b; Hwang 
et al., 2015).  Our study adds to a growing body of literature by using video-based telerehabilitation.  
This unique study is the first to test a video-based telerehabilitation program compared with a 
traditional centre-based rehabilitation program for patients with CHF.  This telerehabilitation 
program within the randomised controlled trial consisted of a 12-week group-based exercise and 
education intervention delivered into the patient’s home twice weekly using an online 
videoconferencing platform (Hwang et al., 2017a).  Results verified the primary research 
hypothesis that the change in distance on the 6 minute walk test (6MWD) from baseline to the end 
of the rehabilitation program in the telerehabilitation group was not inferior to the control group.  
However, non-inferiority of telerehabilitation compared with traditional rehabilitation could not be 
proven for the 6MWD change from baseline to follow-up.  This may be influenced by the small 
gains observed in both groups during the unsupervised exercise phase at follow-up.  Other studies 
also reported this difficulty in maintaining benefits gained from a supervised exercise program after 
program cessation (Hansen et al., 2010; McKelvie et al., 2002), suggesting an important role of 
supervision in cardiac patients.  There were no differences between the two intervention groups in 
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our study for other functional capacity measures, muscle strength, quality of life, urinary 
incontinence, patient satisfaction and adverse events.  There were no occurrences of death, cardiac 
arrest, syncope or fall in either group, and only a few occurrences of angina, diaphoresis and 
palpitations in both groups.  These minor adverse events were adequately managed such as through 
the use of short-acting nitrates and rest, and no further medical interventions were required.  The 
telerehabilitation group had higher attendance rates compared with the control group, with a mean 
difference of six sessions which was equivalent to a quarter of the total sessions offered.  This 
innovative study demonstrated that telerehabilitation appears to be a feasible and effective option 
for the delivery of heart failure exercise-based rehabilitation programs.  It should be noted however 
that results on the secondary outcome measures need to be interpreted with some caution, as our 
study was only powered for the primary outcome measure.  Results from our study are encouraging: 
telerehabilitation can be as effective as traditional rehabilitation programs and the higher attendance 
rates may help to address the low program uptake and attendance seen in traditional programs. 
 
Our results are in agreement with other studies that have shown the effectiveness, safety and higher 
attendance rates related to telerehabilitation programs.  For example, Piotrowicz and colleagues 
(2015b) found higher exercise capacity and adherence rates in patients with CHF who undertook an 
eight week home-based telemonitored Nordic walking program, compared with a control group of 
no exercise.  Another study demonstrated that home-based telemonitored exercise results in similar 
improvements in exercise capacity and health-related quality of life compared with a centre-based 
exercise in low-to-moderate cardiac risk patients entering cardiac rehabilitation (Kraal et al., 2017).   
However it is unclear if patients in the centre-based group received weekly coaching sessions 
comparable to the telerehabilitation group (Kraal et al., 2017).  Similarly, studies on text messaging 
and phone communications with healthcare professionals also demonstrated improved exercise 
capacity (Frederix et al., 2015a), increased program completion rates (Varnfield et al., 2014), 
improved risk factors for cardiovascular disease (Chow et al., 2015) and cost effectiveness 
(Frederix et al., 2016) compared with a control group of patients undertaking traditional cardiac 
rehabilitation.  Similar to the approach used in our study, Tsai and colleagues (2017) investigated 
an eight week telerehabilitation program delivered via videoconferencing into the homes of patients 
with chronic obstructive pulmonary disease.  The program involved cycling, walking and strength 
training, with no formal education.  The telerehabilitation group had higher self-efficacy and 
exercise capacity (measured as endurance shuttle walk test time) at program completion compared 
with the control group of no exercise, with a between-group difference of 340 seconds (Tsai et al., 
2017).  This between-group difference surpasses the minimal important difference of 65 seconds 
after bronchodilation (Singh et al., 2014).  Similarly, the telerehabilitation group showed a trend 
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towards improved quality of life (as measured by the Chronic Respiratory Disease Questionnaire) 
compared with the control group (Tsai et al., 2017), and this effect size appears to be at least 
comparable to a Cochrane review on pulmonary rehabilitation (Puhan et al., 2011).  Other outcome 
measures such as the 6MWD also showed a significant within-group improvement in the 
telerehabilitation group of 40 metres (Tsai et al., 2017), which exceeds the minimal important 
difference of between 25 and 33 metres in adults with chronic respiratory disease (Singh et al., 
2014), as well as our within-group difference of 14 metres for both intervention groups combined.  
Consistent with our study, there were high attendance rates and satisfaction with video-based 
telerehabilitation (Moffet et al., 2017; Tsai et al., 2017).  However, more research is required to 
determine if these results are sustainable at follow-up. 
 
7.1.5 Patient experiences and perspectives related to telerehabilitation 
Given the expansion of telerehabilitation, it is important to enhance our understanding of the patient 
experiences and perspectives, so that future services can be tailored to meet the patients’ needs.  
Participants in our heart failure telerehabilitation program described overall positive experiences 
and perceptions related to the program, including high visual clarity and ease of use for the 
monitoring equipment (Hwang et al., 2017b).  In line with previous work, our participants preferred 
to complement telerehabilitation with in-person visits (Pfaeffli Dale et al., 2015).  A major 
contribution of our study was the discovery of various motivating influences of a telerehabilitation 
program, including health outcomes, easy access to care with reduced travel time, and social 
support.  This is in agreement with other studies which reported an elimination of travel as the 
predominate facilitator to participate in telerehabilitation (Hoaas et al., 2016; Tsai et al., 2016).  
Another strong motivating influence in our study was social support from the family, other 
participants and the healthcare professionals.  A group-based program was deliberately chosen for 
our study to capitalise on the suggestion that many participants enjoy group interaction and peer 
support (Neubeck et al., 2012; Tsai et al., 2016).  This view is consistent with a study on 
community-based exercise program for patients with chronic respiratory disease and CHF, where 
many participants recognised that it was difficult to exercise independently and that they required 
the mutual encouragement of other participants and the physiotherapists (McNamara et al., 2016).  
Our study is one of the few studies to deliver a telerehabilitation program in a group format and the 
peer support reported by our participants as a motivating influence is new and encouraging.  The 
support provided by healthcare professionals is also reflected as a facilitator to telerehabilitation in 
other studies which reported the benefits of a strong therapeutic relationship with telerehabilitation 
(Kairy et al., 2013). 
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Inhibiting influences identified through the interviews were confirmed by the survey results, where 
there were lower scores for auditory clarity and ease of computer use.  This is in agreement with 
other telerehabilitation studies which also reported some challenges related to the use of computers 
(Banner et al., 2015; Tsai et al., 2016).  Our participants experienced technical difficulties such as 
auditory fading and internet drop-outs, as well as other inhibiting influences such as fear of the 
unknown and lack of prior computer experience.  Despite these challenges, participants remained 
committed to the program as they perceived that the health outcomes and convenience outweighed 
the technical issues.  This view is supported by a recent survey of 254 patients attending pulmonary 
rehabilitation, where participants cited enhance therapy and convenience as motivators to 
participate in telerehabilitation; and 40% of the participants indicated a willingness to use 
telerehabilitation, whilst 20% were undecided (Seidman et al., 2017).  Our study participants 
utilised and recommended various strategies to overcome inhibiting influences like using phones as 
backup communication, connecting to wired broadband instead of wireless internet, accessing the 
demonstration session and information booklet, and liaising with family for computer support.  
Information on patient experiences and perspectives related to a telerehabilitation program may 
facilitate future uptake and success of this new delivery approach. 
 
7.2 Implications for clinical practice 
Telerehabilitation appears to be a feasible alternative for patients with CHF.  This innovative and 
novel approach may complement or replace some traditional face-to-face approaches such as 
outpatient hospital clinics, particularly when access to specialised health services is limited or 
difficult.  Telerehabilitation has the potential to widen access and alleviate transport barriers for 
patients interested in participating in a heart failure rehabilitation program.  It offers patients an 
opportunity to exercise in their home environment, while supported by others within the group.  It 
also enables healthcare professionals to supervise patients, progress the exercises in real-time and 
promote adherence.  Furthermore, this model provides a platform for delivering education and 
facilitating rapport through real-time audiovisual communication.  Telerehabilitation can distribute 
the expertise of specialised healthcare professionals from central facilities to any locations with 
suitable telecommunication facilities.  This is particularly relevant for patients in rural and remote 
areas who have difficulties accessing traditional centre-based programs, and will also benefit 
metropolitan areas by reducing or eliminating travel requirements and facilitating a more flexible 
approach to program delivery (Rawstorn et al., 2016). 
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There are specific practical considerations when undertaking telerehabilitation assessments and 
interventions.  For instance, as there is no direct patient contact, healthcare professionals need to 
provide clear and concise instructions (Russell et al., 2010), and ensure that the camera is in 
position when giving a visual demonstration.  It is also beneficial to review general telehealth 
practices at the start of each session.  For example, encourage the participants to take turns when 
speaking, remind the participants that everyone in the group can see and hear the conversation, and 
switch mobile phones and pagers to silent or off during the session.  Although there were no serious 
adverse events encountered during the telerehabilitation assessments and interventions, the use of 
inclusion criteria and a protocol for managing adverse events are recommended.  As such, we only 
invited patients with stable CHF to participate in the study and we observed exercise testing and 
training contraindications in line with recommended standards (Fletcher et al., 2013).  Some studies 
advocate an initial home visit similar to the approach taken in our study to identify exercise barriers 
within the home and to develop strategies to overcome these barriers (Brubaker et al., 2000).   
 
The service provider should consider several factors when setting up a new telerehabilitation 
program, including the venue, equipment and software requirements.  First, choose a suitable venue 
based on the room location, size, placement of equipment and furniture, electrical and 
telecommunication connections, lighting, acoustics and wall colour (Agency for Clinical 
Innovation, 2015).  Second, select equipment and infrastructure depending on the clinical needs, 
current equipment availability and budget (Australian College of Rural and Remote Medicine, 
2016).  For instance, dedicated videoconferencing systems like the Cisco videoconferencing system 
offers high audiovisual clarity and gives the operator some control of the camera, but is expensive 
and cannot be practically installed in the home.  On the other hand, a laptop computer or a tablet 
may offer less audiovisual clarity, but can suit a heart failure telerehabilitation program due to its 
portability, easy setup and wide availability.  When considering monitoring equipment, some 
peripheral devices offer wireless Bluetooth capability (Piotrowicz et al., 2016a), which makes it 
easier to transmit data, but adds to the cost.  Third, choose an appropriate software platform to 
deliver the telerehabilitation program.  Some software platforms require a monthly subscription fee 
for the provider, but are free for patients to download.  Other important considerations when 
starting a new telerehabilitation service include scheduling, documentation, privacy and data 
security.  When delivering telerehabilitation interventions, the healthcare professional should 
maintain patient confidentiality and comply with relevant professional standards, laws and 
regulations (Australian College of Rural and Remote Medicine, 2016).  The use of secure encrypted 
videoconferencing platform and limiting access to those who do require access are also 
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recommended (Brennan et al., 2011).  As there are multiple factors to consider with establishing a 
telerehabilitation service, it is helpful to seek the expertise of a local telehealth co-ordinator. 
 
A better understanding of the motivating and inhibiting influences of a telerehabilitation program 
can also help healthcare professionals to harness the motivating influences and minimise the 
inhibiting influences, which in turn may optimise the future success of telerehabilitation programs.  
Recommendations to maximise the motivating influences include sharing re-assessment findings 
with the patient to demonstrate a change in health outcomes and highlighting the benefits of 
telerehabilitation in providing an easily accessible program with a reduced transport burden (Gorst 
et al., 2014).  It is also important to implement strategies to overcome the inhibiting influences like 
accessing fast reliable internet and providing extra resources for older patients and those with less 
experience with technology.  Similarly, telerehabilitation assessments may be best suited to patients 
with some experience with using telerehabilitation technologies, such as those who have completed 
a telerehabilitation intervention program.  As telerehabilitation is a different way to assess and 
deliver interventions, further training and resources may be required to support healthcare 
professionals to adapt from their traditional practices. 
 
7.3 Strengths and limitations 
The series of studies in this thesis are strengthened by the inclusion of healthcare professionals who 
work directly with patients with CHF, and collaboration with multi-disciplines across various 
hospitals and universities.  Other strengths include the prospective design, randomisation, 
independent assessors and a large spread of age and disease severity which may increase 
generalisability of the results.  Relatively low-cost technologies available in most clinical settings 
were chosen for our studies to increase the likelihood of translation into clinical practice.  The 
intervention study is also strengthened by a direct comparison of two different delivery models for 
heart failure rehabilitation programs and the same intervention dose for both groups.  Furthermore, 
we did not limit the telerehabilitation group to a specific type of exercise equipment, as we wanted 
diverse real-world programs.  In particular, participants in our traditional centre-based programs 
had access to gym equipment (such as exercise bicycles, treadmills, free weights, resistance bands, 
rowing machines and steppers), whereas participants in our home-based telerehabilitation programs 
had access to free weights and resistance bands, and used existing equipment within the home (such 
as treadmills, exercise bicycles and steps on the staircase).   
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There are some limitations, addressed in each chapter and summarised here.  Search criteria for the 
systematic review were limited to randomised controlled trials published in English, which could 
predispose to publication bias.  Other limitations for the review are the exclusion of studies which 
did not report a physical or functional outcome measure, and heterogeneity in the control group 
making comparisons with telerehabilitation difficult.  As there was no precedence with using 
telerehabilitation to assess functional capacity in patients with CHF, we chose a conservative 
approach of conducting the assessments within the hospital.  While support was not required in our 
study, the participant’s confidence with the telerehabilitation assessment may have been influenced 
by the potential for support.  A limitation associated with low-cost technologies used in our 
telerehabilitation program was a requirement for participants to manually report their vital signs.  
This potentially increased patient demand while multitasking.  Although the demographics of our 
study participants are typical of those observed in exercise studies, they do not necessarily represent 
all the patients with CHF.  Similarly, there may be a recruitment bias in our studies, as participants 
who agreed to partake in this innovative model of service delivery may have more favourable 
perceptions towards telerehabilitation.  There was also an imbalance in gender distribution in line 
with a lower participation rate in rehabilitation programs for women (Neubeck et al., 2012).  While 
males predominate in the majority of published exercise-based rehabilitation studies in this 
population (Taylor et al., 2014), this imbalance is also commonly seen in clinical practice (Park et 
al., 2017).  Another limitation is a lack of information on physical activity levels, which can provide 
insight into physical activity behaviour changes in response to telerehabilitation.  Although we 
demonstrated the validity of telerehabilitation assessments and effectiveness of a telerehabilitation 
intervention, we did not conduct a formal cost analysis and thereby are unable to determine the 
cost-effectiveness of a heart failure telerehabilitation program.  This type of information may be 
useful to policy makers and funders, particularly in the current economic climate of fiscal 
constraints.  As this body of work was conducted in a metropolitan area with reliable internet 
coverage, further research will be required to determine the applicability of telerehabilitation in 
rural and remote areas with variable internet coverage.  It is beyond the scope of this thesis to 
determine the best approach to translate this research into clinical practice and to implement 
strategies to enable a wider acceptance of this new service delivery model. 
 
7.4 Directions for future research 
While this research has demonstrated the feasibility of telerehabilitation as an alternative service 
delivery model in heart failure rehabilitation programs, there are some broad areas in need of 
further research.  As we have investigated a telerehabilitation program in a metropolitan area, the 
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next step is to concentrate on the applicability of such a program in rural and remote areas.  A key 
area for future research is identifying which patients are most amenable to participate in a 
telerehabilitation program.  It is likely that some patients will experience similar benefits from an 
unsupervised individual rehabilitation program, whereas other patients will thrive in a supervised 
group environment within the home (Holland & Cox, 2017).  Similarly, more information on the 
ideal structure of a telerehabilitation program would be helpful for clinicians.  This information will 
require further work to identify the best exercise training volume, program content, group size and 
delivery model (supervised video-based telerehabilitation versus unsupervised telecoaching 
programs).  It would be interesting to explore extensions of the current telerehabilitation program, 
including health promotion activities that can be delivered via videoconferencing such as cooking 
demonstration and food label reading sessions.  This can be more meaningful for the patients to 
read food labels from their own pantries.  Future studies should also incorporate long-term follow-
up to determine if the benefits of telerehabilitation are sustainable.  This sustainability may require 
additional work investigating the role of telerehabilitation in the maintenance phase.  It would also 
be important to provide policy makers and funders with information on the cost-effectiveness of 
telerehabilitation.   
 
It is also recommended that further research be undertaken in the following areas specific to each 
study.  For instance, there were excellent test-retest reliability and concurrent validity of the TUGT 
in patients with CHF, but further investigation is required to determine predictive validity and the 
minimal clinically important difference for the TUGT.  Telerehabilitation assessment of functional 
tests such as the TUGT should be expanded to other settings including the home.  As our study 
focused on patient experiences and perspectives related to a heart failure telerehabilitation program, 
it would be interesting to explore other viewpoints including the patient’s support person and 
clinicians involved in the delivery of telerehabilitation programs. 
 
7.5 Conclusions 
This thesis contributes to our knowledge by addressing three important issues.  First, a review of the 
existing literature showed that telerehabilitation appears to be appropriate for patients with 
cardiopulmonary diseases.  Second, the TUGT was shown to be reliable and valid in patients with 
CHF and may be a suitable functional outcome measure in heart failure rehabilitation programs.  
Third, video-based telerehabilitation appears to be feasible, effective and well-received by patients 
with CHF.  Specifically, telerehabilitation assessments of functional tests including the TUGT were 
demonstrated to be valid and reliable in patients with CHF.  Similarly, a home-based heart failure 
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telerehabilitation intervention program was shown to not be inferior compared with a traditional 
centre-based rehabilitation program.  Overall, participants reported positive experiences and 
perspectives related to this telerehabilitation program.  In conclusion, telerehabilitation represents a 
feasible alternative model in the delivery of heart failure exercise-based rehabilitation programs.  
As patients and healthcare professionals become more comfortable with the internet and advances 
in technology, telerehabilitation may become the way of the future and be widely adopted.  Indeed, 
telerehabilitation may become part of a common suite of tools offered by healthcare professionals 
in an effort to connect more patients to a heart failure rehabilitation program.   
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9.2 Patient information sheet and consent form 
Patient information sheet 
 
HREC No: HREC/12/QPCH/86 
Project Title: Telerehabilition: A new way to provide heart failure rehabilitation 
programs to patients in their own homes. 
Name of Researchers: Jared Bruning, Rita Hwang, Trevor Russell, Allison Mandrusiak, Norm 
Morris, Robyn Peters and Dariusz Korczyk.  
 
Dear Sir/Madam, 
 
You have been invited to participate in a study looking at the success of heart failure rehabilitation 
programs delivered over the internet into your own home.  
 
Background 
There have been services set up in hospitals across the state to help people with heart failure best 
manage their condition, so that hopefully they don’t experience as many uncomfortable symptoms 
and can stay well at home without needing further admissions to hospital.  These heart failure 
services may see people while they are in hospital to provide them with information and advice 
about managing their condition, and may also follow them up with a phone call or appointment 
after going home.  In addition, there are outpatient heart failure exercise and education 
rehabilitation programs that may be offered to patients once they have left hospital and are feeling 
better. 
 
Physiotherapist prescribed exercise programs for stable patients with heart failure have 
demonstrated improvements in heart and lung function, exercise capacity, quality of life and ability 
to manage their health condition.  Despite strong evidence, rehabilitation attendance is frequently 
very poor.  Many patients are unable to access a rehabilitation program for a number of reasons:  
transport; program availability (particularly in regional areas); available qualified staff; patient work 
or carer commitments; or patient’s exercise intolerance.  Home-based heart failure rehabilitation 
programs, using telerehabilitation, may help overcome some of these barriers.  
 
To date, little research has investigated the effect of a program delivered into the home via 
telerehabilitation.  Therefore, this study looks at whether or not a heart failure rehabilitation 
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program delivered into the homes of patients over the internet is a safe and effective alternative to 
traditional face-to-face programs delivered at the hospital.  
 
This research will be conducted at two hospitals in Brisbane.  The researchers are specialists 
involved in the management of heart failure with particular expertise in exercise.  This study has 
gained approval from the Human Research and Ethics Committees of The Prince Charles Hospital 
and the Princess Alexandra Hospital. 
 
What will it involve? 
We are aiming to enrol 80 people across these hospitals who have previously been admitted with a 
diagnosis of heart failure.  If you agree to participate, you will be randomly allocated to one of two 
different groups after you have been assessed by a physiotherapist for an outpatient rehabilitation 
program.  
 
Both groups will be provided with usual multidisciplinary care, education on the benefits and 
guidelines for exercise in heart failure, an individualised home exercise program and referral to the 
outpatient heart failure rehabilitation program.  One group will attend the traditional heart failure 
rehabilitation program at the hospital.  The other group will have a laptop delivered to their home 
and receive instructions for its use, so that exercise sessions can be supervised via video-conference 
over a secure internet connection.  Your medical and nursing management will not be affected by 
which group you are enrolled in.  We will keep your cardiologist and general practitioner informed 
of your involvement in our study. 
 
We will collect a range of information to assess the two groups.  We will seek details from your 
medical record such as age, gender, suburb of residence, occupation, and results of your 
echocardiogram if you had one.  During your assessment for the rehabilitation program, we will 
assess your exercise capacity with a walking test and you will complete some other functional tests.  
We may ask you to wear a special device on your arm that monitors your physical activity levels 
and/or sleep quality.  We will also ask you to complete some questionnaires.  Upon completion of 
the rehabilitation program we will repeat the assessment and ask about your experience with the 
program.  Some of these assessments may be done remotely via video-conference.  We will contact 
you three months later for a final assessment.  We will seek information from your medical record 
about any further admissions to hospital within twelve months. 
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Benefits 
Physiotherapist prescribed exercise programs for stable outpatients with heart failure have 
demonstrated improvements in heart and lung function, exercise capacity, quality of life and ability 
to manage their health condition.  Most research to date has looked at the effects of face-to-face 
delivery of heart failure rehabilitation programs at the hospital.  Less is known about whether or not 
these programs can be delivered to the homes of patients and if it is safe to do so.  This study will 
hopefully help answer these questions. 
 
All participants will be provided with usual multidisciplinary care, education on the benefits and 
guidelines for exercise in heart failure, an individualised home exercise program and referral to the 
outpatient heart failure rehabilitation program.  
 
Optimising patients’ wellbeing and everyday function is an important part of heart failure 
management, and may in turn reduce health care costs.  This project is important because it may 
show that a heart failure rehabilitation program delivered over the internet is safe and feasible.  This 
can support further research in the form of larger studies investigating how telerehabilitation 
programs can influence access and outcomes for heart failure patients, health professionals and the 
health care system. 
 
Risks and side-effects 
Heart failure rehabilitation programs are recommended by the National Heart Foundation as 
important components in the management of heart failure.  Many people with heart failure have 
been in research projects looking at the impact of exercise on the heart and muscles, and there have 
been very few reports of side-effects.  However, people with heart disease do carry a higher risk of 
heart attack or sudden death with strenuous exercise.  Therefore this study will be carried out by 
qualified, registered physiotherapists, who will carefully assess every patient before commencing 
the rehabilitation program, and each patient will have a program that is tailored to their individual 
health status and functional level.  
 
In research trials to date, there have been no deaths or hospital admissions during the periods of 
supervised or home exercise, suggesting there is not a significantly increased risk in a supervised 
program with carefully chosen patients.  There is a possibility that you may feel some 
breathlessness, tiredness, chest pain, dizziness or feeling unwell during exercise sessions.  You will 
be educated on monitoring these symptoms and are encouraged to stop exercise at any time, 
140 140 
particularly in the presence of these symptoms.  Participants are required to have a care person 
present with them for each exercise session as a further safety measure. 
 
Confidentiality and privacy  
All information that the research team collects about you is confidential.  The information is stored 
in a secure location, and only the researchers will have access to the information.  Information will 
be kept in a secure location for at least seven years, so that we can reliably answer questions that 
other researchers might ask about our findings.  Photographic and/or video footage may be taken 
during the course of the video-conference session and that such footage will be kept with the 
strictest confidentiality and will only be used for the purposes of the research project.  Software 
called Adobe Connect® will be used to provide a secure network for communication over the 
internet between participants and the researcher conducting exercise sessions.  
 
When we have completed collecting information about you, we will remove identifying information 
(e.g. your name, address) from the database.  We do need these details to obtain the information 
about hospital readmissions from the Queensland Health information system, and any information 
exchanged with them is protected and relates only to this research study.  Any publication or 
conference presentation or other public documents relating to the study will only contain grouped 
information, and no individual participant will be able to be identified. 
 
Withdrawal from the study 
You are able to withdraw from the study at any time, for any reason and you will continue to 
receive standard care from your heart failure service and physiotherapist.  The researchers recognise 
that some people will become too unwell or tired to continue with the study.  It is still useful for us 
to continue to collect information even if you are not able to participate completely, and if you do 
choose to withdraw, our research staff will ask if we can still obtain information from the 
Queensland Health information system after 12 months. 
 
Further information 
Please discuss any questions you might have with the research staff when they come to ask your 
consent.  For further information at any time through the study, you can contact either of the 
principal researchers who will help you directly. 
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Principal researchers 
Mr Jared Bruning    The Bundaberg Base Hospital 
Ph: (07) 4150 2550   E-mail: Jared.Bruning@health.qld.gov.au 
 
Ms Rita Hwang   The Princess Alexandra Hospital 
Ph: (07) 3176 2111 Pager 1415 E-mail: Rita_Hwang@health.qld.gov.au  
 
Dr Trevor Russell    The University of Queensland 
Ph: (07) 3346 9633   E-mail: t.russell1@uq.edu.au     
 
Independent contact 
This study has gained approval by The Prince Charles Hospital Health Service District Human 
Research Ethics Committee.  If at any time you have concerns about the study, wish to make an 
independent complaint, or wish to discuss your involvement with someone not connected with the 
study, you may contact the Executive Officer, Research and Ethics, The Prince Charles Hospital on 
(07) 3139 4500 who will forward concerns to the Chair, Human Research Ethics Committee. 
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Participant consent form 
 
HREC No: HREC/12/QPCH/86 
Project Title: Telerehabilition: A new way to provide heart failure rehabilitation 
programs to patients in their own homes. 
Name of Researchers: Jared Bruning, Rita Hwang, Trevor Russell, Allison Mandrusiak, Norm 
Morris, Robyn Peters and Dariusz Korczyk.  
 
I agree to participate in the above named project and in so doing acknowledge that: 
 
 I have been informed as to the nature and extent of any risk to my health or well-being. 
 I am aware that, although the project is directed to the expansion of medical knowledge 
generally, it may not result in any direct benefit to me. 
 I have been informed that my refusal to consent to participate in the study will not affect in 
any way the quality of treatment provided to me. 
 I have been informed that I may withdraw from the project at my request at any time and 
that this decision will not affect in any way the quality of treatment. 
 I acknowledge that photographic and/or video footage may be taken of me during the course 
of the video-conference session and that such footage will be kept with the strictest 
confidentiality and will only be used for the purposes of the research project. 
 I have been advised that this project has been approved by the hospital Human Research 
Ethics Committee. 
 I am aware that I may request further information about the project as it proceeds. 
 I am aware that my GP may be informed that I am taking part in the project. 
 I understand that, in respect of any information (which may consist of records outside of this 
hospital) including audiovisual records obtained during the course of the project; 
confidentiality will be maintained to the same extent as for my Hospital medical records.  In 
the event of any results of the project being published, I will not be identified in any way. 
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 I agree that, if necessary, my medical records (in respect of my involvement in this project) 
may be inspected by a research assessor.  This assessor may be external to but approved by 
the hospital, provided that the assessor does not identify me or my hospital's medical records 
in any way to a third party. 
 
 
 
Participant’s name: ..................................   Signature: .............................. Date: _ _ / _ _ _ / _ _ _ _ 
                                                                                                                              DD / MMM / YYYY 
 
 
Name of investigator: ................................Signature: ................................. Date:_ _ / _ _ _ / _ _ _ _ 
                                                                                                                            DD / MMM / YYYY 
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Participant revocation of consent form 
 
HREC No: HREC/12/QPCH/86 
Project Title: Telerehabilition: A new way to provide heart failure rehabilitation 
programs to patients in their own homes. 
Name of Researchers: Jared Bruning, Rita Hwang, Trevor Russell, Allison Mandrusiak, Norm 
Morris, Robyn Peters and Dariusz Korczyk.  
 
I hereby wish to WITHDRAW my consent to participate in the research project described above 
and understand that such withdrawal WILL NOT jeopardise any treatment or my relationship with 
the hospital. 
 
 
 
 
Participant’s name (please print):  ......................................................................................... 
 
 
 
(Signature)..............................................................           Date: _ _ / _ _ _ / _ _ _ _ 
                                                                                                                DD / MMM / YYYY 
 
 
 
  
This revocation of consent should be forwarded to: 
 
Jared Bruning 
The Bundaberg Base Hospital 
Bourbong St 
Bundaberg 4670 
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Welcome 
The following booklet provides step-by-step instructions on how to connect to your 
telerehabilitation sessions with the physiotherapist and how to view your education sessions. 
1. Please ensure you are prepared for the exercise sessions (refer to preparing for exercise 
booklet), i.e. have you taken prescribed medications, do you feel well enough to exercise, 
are you dressed appropriately? 
2. Ensure that you have a nominated care person available. 
3. Set up in an area that has enough room for your computer to be positioned so that you may 
exercise safely (e.g. lounge room, spare room or dining room) and still see the screen. 
Remove hazards such as floor mats, extra cords, coffee tables, pets, clutter etc. 
4. There are a few simple steps to help you get the most from your telerehabilitation sessions:  
o make sure you link in at least 15 minutes early for your scheduled session.  
o avoid wearing stripes, bright coloured or patterned clothing, as this can have an 
effect on the picture quality.  
o speak clearly so your voice can be picked up easily.  
o look at the camera so that the health professional can have eye contact with you.  
o turn your mobile phone to silent during the session.  
o treat this telerehabilitation session as a normal face-to-face session.  
5. Ensure you have all the equipment required: 
o blood pressure machine and pulse oximeter. 
o exercise program. 
o laptop. 
o power cord. 
o internet access (USB dongle if provided to you). 
o water bottle. 
o chair. 
o phone and contact details of GP. 
 
See the following pages for instructions on how to use the equipment. 
 
https://meet.uq.edu.au/heartfailuretelerehab2 
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How to take blood pressure measurements 
Blood pressure 
machine’s on/off button 
Blood pressure cuff 
Cuff connection 
to machine 
Start / stop 
blood pressure 
measurement 
Place cuff above elbow crease 
with tubing in centre of arm 
Diastolic blood 
pressure reading 
Systolic blood 
pressure reading 
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How to take oxygen measurements  
Heal force machine 
 
 
 
 
 
Box 
Carry 
pouch 
Pulse 
oximeter 
gen) 
Lanyard 
Place device on finger with display facing you 
On / off 
Button 
Oxygen reading 
Heart rate reading 
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Digit machine 
 
 
 
 
 
 
Heart rate 
reading 
Oxygen reading 
On/off button 
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Computer 
Orientation of Dell laptop 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 To increase the volume, hold FN key while pressing F12 
 To decrease the volume, hold FN key while pressing F11 
 
Laptop 
Power 
cords 
Internet 
USB 
Dongle 
Mouse 
Power 
on/off 
button 
Screen 
Keyboard 
Camera 
Volume 
control 
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Orientation of Toshiba laptop 
 To increase the volume, hold the FN key while pressing F10 
 To decrease the volume, hold the FN key while pressing F9 
 
 
 
 
1.  
2.  
3.  
Camera 
Screen 
Mouse 
DVD 
player 
Power 
on/off 
button 
Volume 
control 
Windows 
button – 
can be 
used to 
toggle 
between 
window 
app and 
desktop 
screens 
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1. Start-up 
(a) Plug in the “mains power” and press “power on” button 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Press any key to remove the lock screen 
 
Power 
on 
Insert 
internet 
USB here 
Mains 
power 
Left mouse 
button 
Right 
mouse 
button 
Mouse pad 
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(c) Sign in as Guest 
 
 
2. Connect to the internet 
(a) Ensure internet dongle is inserted into the USB port on the side of the laptop 
(b) Click on Optus mobile broadband icon 
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(c) Click on the Connect button.    
The connect button will turn from green to white, while you are connected to the internet. 
 
 
3. Login onto the telerehab program 
(a) Click on the “internet explorer” icon at bottom left-hand corner of the screen 
 
Click on 
connect 
button 
Click on 
internet 
explorer 
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(b) The telerehab login screen will appear.  Choose Enter as a Guest.  Type in your first name with 
the keyboard and click on Enter Room button. 
 
•    
 
 
If you see the screen below, please check that you are connected to the internet by referring back to 
Step 2. 
i. Click to mark the circle  “Enter as 
a guest” 
 
ii. Type first name 
here 
iii. Click “Enter 
Room” 
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4. Access the telerehabilitation session 
(a) This official business screen will appear.  Click OK. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The following screen will appear as the telerehabilitation session connects. 
 
 
Click “ok” 
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After a few moments you will see your physiotherapist on the screen. There may be additional 
people visible if they have joined the session before you. 
 
 
If there is no person visible (see image below), please wait as you may be early and your 
physiotherapist may still be connecting.  
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(b) Now we need to turn on your camera, so that the physiotherapist can see you.  The camera icon 
should turn from white to green. 
 
 
 
Adobe Flash may prompt you for permission.  Click on the green Allow button. 
 
 
 
 
i. Click the camera 
icon to turn on your 
web cam 
 
ii. Click “Allow” so the program may use the web 
cam 
160 
You will see a small screen with your web cam image. Click Start Sharing to share your video 
with all participants. 
 
 
You will now see the physiotherapist, yourself and other participants in the telerehabilitation 
session. 
 
  
 
iii. Click “Start Sharing” 
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(c) The next step is to enable your audio, so that your physiotherapist can hear you.  The 
microphone button should be green when it is turned on. 
 
 
 
Screen description 
 
 
 
 
 
 
 
 
 
  
 
 
Connect my audio 
Click to close telerehabilitation 
session 
Names of all 
participants 
Type to chat 
if voice 
function not 
working 
Participants 
162 
5. End session 
End your session by choosing the “x” button on the top right corner 
 
 
Press “power button” on the keyboard to turn off the laptop. 
Alternatively, close the lid to put the laptop to sleep mode. 
End session 
by clicking 
on “x” 
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How to access education sessions 
1. Close all other programs on the computer.  Ensure that you have the volume turned up. 
 
 
 
2. Alternatively, you can access this folder from the main start screen, by double clicking on 
the Education videos folder. 
 
Click on the 
speaker icon and 
move the marker 
to full volume 
Click on “education videos” 
Double click 
on education 
videos folder 
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3. Double click on the appropriate education session. 
Session 
number 
Presenter Title 
1 Nurse What is heart failure? 
2 Pharmacist Heart failure medications 
3 Physiotherapist Staying active with heart failure 
4 Dietitian Healthy eating with heart failure 
5 Social Work Managing lifestyle and relationship changes 
6 Nurse & Physiotherapist Summary session 
 
 
4. Start the PowerPoint presentation by selecting slideshow on the menu bar and then view 
show. 
 
 
5. The education session will play automatically. Please DO NOT pause, rewind or fast 
forward the presentation as it will interfere with the audio. 
6. Close the PowerPoint program once you have completed the session.  Feel free to write 
down any questions for group discussion next time. 
7. Turn off the computer.  
 
View 
slide 
show 
End 
program by 
clicking on 
“x” 
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9.4 Exercise information booklet 
Telerehabi l i tat ion and 
heart  fa i lure s tudy:  
preparing for  exercise 
booklet  
Contact details: Jared Bruning Ph; 3139-5644              Fax: 3139-4082 
Rita Hwang Ph: 3176-2111 pager 1415  Fax: 3176-6495 
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Welcome 
Thank-you for participating in our study looking at heart failure rehabilitation programs delivered 
over the internet into your own home.  This booklet is designed to help you to get the most of out of 
the study.  It contains information on how to be physically active outside of telerehabilitation 
sessions including benefits of physical activity, safe physical activity tips and types of physical 
activity you can try out.  
 
Information contained in this booklet is a general guide only, so please contact your doctor or 
physiotherapist listed below to help you to choose the best activities for you. 
 
Location Contact person Contact details 
The Prince Charles Hospital  Jared Bruning 3139-5644 
Princess Alexandra Hospital  Rita Hwang 3176-2111 pager 1415 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Licensed under a Creative Commons Attribution No Derivatives 3.0 Australia licence.  To view a 
copy of this licence, visit http://creativecommons.org/licenses/by-nd/3.0/au/deed.en.   
© State of Queensland (Queensland Health) 2013 
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Testing sessions 
As part of participating in the telerehabilitation study, you will be asked to take part in three testing 
sessions.  You may like to use the table below to record details of these sessions.  
Testing session Date, time and location 
Pre-program   
 
Post-program  
 
Three month follow-up  
 
 
Telerehabilitation sessions 
You will also be asked to take part in 12 weeks of physical activity sessions delivered over the 
internet into your own home.  You may wish to use the table below to record details of these 
sessions. 
Week Session A - Date and time  Session B - Date and time Education topic 
1.   
 
 
 
 
 
2.   
 
 
 
 
 
3.   
 
 
 
 
 
4.   
 
 
 
 
 
5.   
 
 
 
 
 
6.   
 
 
 
 
 
7.   
 
 
 
 
 
8.   
 
 
 
 
 
9.   
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Week Session A - Date and time  Session B - Date and time Education topic 
10.   
 
 
 
 
 
11.   
 
 
 
 
 
12.   
 
 
 
 
 
 
What do I need to get started? 
Like most people, you have probably heard that physical activity is good for you.   If you are 
already active, keep up the good work.  This may even be time to push yourself a little harder, try a 
new activity, or add more physical activity into your daily life.  If you have stopped being active for 
some reason, let us help you to get started again and keep going.  If you are not very physically 
active now, it’s never too late to start being active.   
 
The key is to know your starting point and build slowly from there.  Knowing your starting point 
will help you pick activities that are comfortable and achievable for you.   
Choose activities that you are interested in and set some goals on these activities. 
Identifying your starting point 
Think about a typical weekday and weekend. 
 
How much time do you spend sitting? ………………………………………………… 
 
How much time do you spend standing?  ……………………………………………….. 
 
How much time do you spend moving around? …………………………………….…. 
 
When you are up and about, what kinds of activities are you doing? ............................ 
 
………………………………………............................................................................. 
   
(Queensland Government) 
170 
How do I make it safe?   
You should talk to your doctor or physiotherapist about 
your physical activity plans before you start.  Here are a 
few things you may want to discuss with your doctor or 
physiotherapist: 
 Ask whether there are any specific exercises or 
activities you should avoid.  For example, if you 
have hip or back problems, you may need to modify 
or avoid some exercises.  
 Ask questions so you understand how any ongoing health conditions may affect physical 
activity.  For instance, people with diabetes may need to adjust their daily schedule, meal 
plan or medications when planning their activities. 
 Discuss any unexplained or new symptoms you have experienced.  For example, chest pain 
or pressure, fluttery or racing heart, painful or swollen joints, dizziness, shortness of breath, 
recent back, hip or eye surgery, unplanned weight loss or sores that will not heal.  Delay 
your activities until the problem is diagnosed and treated. 
 
Addressing your concerns about physical activity 
What issues can make physical activity difficult for you or that you will need to watch out for?  
 
………………………………………………………………………………………… 
 
……………………………………….………………………………………………… 
 
How can you address these issues?  
 
………………………………………………………………………………………….. 
 
……………………………………………………………………………………….…. 
 
………………………………………………………………………………………….. 
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Is there any concern that you want to discuss with the doctor or physiotherapist before you start the 
physical activity?  
 
……………………………………………………………………….............................. 
 
………………………………………............................................................................. 
 
…………………………………………………………………………………………. 
 
 
Tips to stay active safely 
The benefits of physical activity outweigh risks of injury.  However, you can take the following 
steps to minimise injury: 
 Avoid physical activity straight after heavy meals.  It is best to wait about one hour so that 
your food can digest, or you can try physical activity before you eat. 
 Avoid physical activity in extremes of temperature or humidity. 
 Take your prescribed medications. 
 Keep well hydrated before, during and after physical activity, especially in hot, humid 
weather.  Be mindful of your daily fluid limitation.  
 When doing outdoor activities, pay attention to your surroundings.  For example, consider 
possible traffic hazards and uneven walking surfaces.  
 When doing indoor activities, make sure there is plenty of space and a stable chair to rest in. 
 Do some warm-ups and cool-downs before and after your activity.  You may want to try 
some stretches and walk very slowly when you first set out. 
 If you have progressed to a certain level of physical activity, and you suddenly find it is 
more difficult for no clear reason, it may be a good idea to see your doctor for a check-up. 
 Avoid physical activity if you have been unwell, such as a bad cold or changes in your heart 
failure condition.   
 Don’t hold your breath whilst doing physical activity. 
 Try to do physical activity with someone to make it more enjoyable.  Remember be active at 
your own pace, not at other’s pace! 
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Getting the right equipment 
It is recommended to have the right equipment for your activity.  Your shoes 
are important safety equipment for your feet.  Consider shoes that will help 
prevent you from tripping or falling.  Look for shoes that are well fitted and 
provide good support. 
 
Wear comfortable, loose-fitting clothing that allow you to move freely, but won’t catch on other 
objects.  When outdoors, be sun-smart and apply sunscreen.  Take along a mobile phone and some 
identification, particularly if doing outdoor activities on your own. 
 
For strength-based exercise, you can use weights, resistance bands or common objects from your 
home.  Hand weights and ankle cuff weights can be purchased at sporting goods stores and some 
department stores.  Otherwise, you can use the strength-training equipment at a gym.  If you have a 
latex allergy, some resistance bands such as therabands may trigger your allergic reaction.  In this 
case, avoid using regular therabands.  Some exercises may require a chair.   Choose a sturdy chair 
that is stable enough to support your weight.  
 
What are the benefits of physical activity? 
Light to moderate amounts of physical activity is a safe and recommended part of treatment for 
people with heart failure (National Heart Foundation 2011).  Regular physical activity is one of the 
most important things you can do to maintain your physical and mental health, and quality of life.   
 
Participating in regular physical activity can have many benefits including: 
 Improved physical function.  As you start exercising, you will become fitter and will be able 
to do more before the onset of symptoms like shortness of breath, fatigue and chest pain.   
 Improved circulation to your muscles.  This can reverse some of the changes caused by 
heart failure, such as de-conditioning. 
 Increased muscular strength, tone and maintenance of strong bones. 
 Reduced stress levels and increased energy for other interests. 
 Improved blood sugar level control.  
 Assistance with weight control. 
 
Making physical activity a part of your daily routine can be fun, make you 
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feel good, and is good for your heart.  You may be surprised that it can be easier than you think! 
(National Heart Foundation 2011) 
 
When can I start being physically active? 
You can start to be active any time once your condition is stable.  It’s important to 
start slowly, and gradually build up to the recommended level, rather than pushing 
too hard or too quickly when you first begin.  
 
Avoid physical activity when you are unwell.  If you have been unable to participate in physical 
activity for longer than a week due to feeling unwell, you may have to drop your activity level back 
to a previous level. 
 
It’s never too late to start being active.  In fact, being physically active can help to manage some of 
the changes that many people face as they get older, for example, painful joints.  No matter how old 
you are or how fit you are, it’s important to speak with your doctor or physiotherapist about your 
physical activity plans before you start. 
 
How “hard” should I push to be active? 
Start your activity slowly and gradually build it up to a moderate intensity.  For example, you may 
start at 11 on the Borg’s scale (light) and gradually build up to 13 on the Borg’s scale (somewhat 
hard).  Beyond 14, you may place undue stress on your heart and body. 
 
Moderate intensity refers to an activity that makes you breathe a bit harder, but does not make you 
feel completely out of breath.  A good way to judge this is the walk and talk test.  For example, 
walking briskly where you can talk but not sing; or walk as if you are late for an appointment.  If 
you are so breathless that you are unable to talk, you are probably working too hard.  If you are 
doing moderate intensity strength-based exercises with weights, you should be able to lift the 
weights at least eight to 12 times without needing to take a break. 
 
You may feel some minor discomfort or muscle soreness when you start physical activity.  This 
should gradually go away as you get used to the activity.  However, if you feel sick to your stomach 
or have strong pain, you have done too much.  Go easier and then slowly build up.  
(Piepoli et al. 2011) 
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Borg’s rate of perceived exertion scale 
6  
7 Very, very light 
8  
9 Very light 
10  
11 Light 
12  
13 Somewhat hard 
14  
15 Hard 
16  
17 Very hard 
18  
19 Very, very hard 
20  
(Borg 1970) 
The shaded area represents the physical activity level you should aim for. 
 
What are the signs of over-exercising? 
If you experience any of the following symptoms, STOP and REST.  If your symptoms persist, seek 
medical advice. 
 Excessively tired. 
 Shortness of breath that is severe or not recovering. 
 Pain or pressure in your chest, neck, shoulder or arm.  If you have any chest pain, stop 
immediately and take anginine or GTN spray if prescribed by your doctor. 
 Palpitations. 
 Dizziness or feeling sick to your stomach. 
 Loss of balance or staggering. 
 Excessively sweaty. 
 Cold and clammy. 
 Muscle cramps. 
 Severe pain in joints, feet, ankles or legs. 
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(ACRA 1999, National Heart Foundation 2011) 
 
How much physical activity is enough for me? 
As a general guide, adults should include at least 30 minutes or more of light to moderate 
intensity physical activity on most, if not all days of the week (Australian Government 1999).  
This amount of activity can be build up in shorter bouts, such as 10 minutes of cycling in the 
morning, 10 minutes of gardening before lunch, and 10 minutes of walking in the afternoon. 
 
There may be times when you simply feel too unwell to participate in physical activity.  During 
these times, it is okay to give yourself a break and pick up where you left off as soon as you are able 
to. 
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What types of physical activity can I try?  
Any moderate intensity exercise that leads to a more active lifestyle can be 
beneficial.  Generally, the type of activity that will benefit your heart the most is 
aerobic exercise.  This type of exercise uses the large muscles of your body, 
raises your heart rate and increases the rate of your breathing.  It can be done 
most days of the week.  Some forms of aerobic exercise are walking, cycling, 
aerobics and dancing.  Walking is a wonderful way to enjoy daily physical activity.  It helps you to 
get outdoors; you can do it with friends, or take the whole family, including the dog (National Heart 
Foundation of Australia, 2011).  
 
It is also ideal to include some strength-based exercise using light weights and 
more repetitions.  This type of exercises can be done two to three days per week 
(Brown et al. 2005). 
 
 
 
There are also some simple activity swaps you can do to gain the most benefit with the least impact 
on your busy lifestyle.  For example, participating in general activities, such as gardening, 
housework or home maintenance can be beneficial for your heart.  Try to park further away from 
your destination and walk the rest of the way.  For more information, refer to websites such as the 
National Heart Foundation of Australia, A Healthy and Active Australia and National swap it, 
don’t stop it: 
 www.heartfoundation.org.au/healthy-eating/mums-united/getting-active/Pages/simple-
swaps-activity.aspx 
 www.heartfoundation.org.au/healthy-eating/mums-
united/Documents/50%20fun%20ideas.pdf 
 www.healthyactive.gov.au  
 www.swapit.gov.au  
The 
warm-up 
The cool-
down 
The workout 
 Aerobic 
 Strength 
Components of a physical activity program 
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Physical activities that I enjoy or will try 
Write down three physical activities below. 
 
•  ……………………………………………………………………………………. 
  
•  .……………………………………………………………………………………  
 
•  ……………………………………………………………………………………  
   
(Breast Cancer Network Australia 2012) 
 
When should I progress my physical activity level? 
Try challenge yourself, but listen to your body and use common sense when you are active.  It may 
be time to progress your current physical activity level when your current activity level feels easy or 
light (7 or 9 on the Borg’s scale) for three to four sessions in a row. 
 
Use the “FITT” principle to progress your activity level.  FITT stands for: 
 Frequency – how often you exercise. 
 Intensity – how hard you exercise. 
 Time – how long you exercise for. 
 Type – the type of exercise or activity. 
 
Start with increasing the frequency.  Then increase the time.  Add extra repetitions before extra sets 
and add extra weight last. 
 
For example, Bob is currently walking 1 km on the flat in 20 minutes, three times per week.  Bob’s 
goal is to walk to the shops which are 1.5 km away.   The FITT principle can be applied in the 
following way: 
 Frequency – progress from three to five times per week. 
 Intensity – progress from mild to moderate pace (in other words, walk at a faster pace). 
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 Time – progress from 20 to 30 minutes (in other words, walk at the same pace, but over 
longer distance). 
 Type – progress from walking on the flat to walking up the hill. 
Physical activity progression 
Write down ways to progress your current physical activity level. 
 
• Frequency: …………………………………………………………………………... 
  
• Intensity: ………………………………………………………………………….….  
 
• Time: ………………………………………………………………………………… 
 
• Type: ………………………………………………………………………………… 
 
How do I get going and stay motivated? 
We know that for many people, it can be challenging to be active and keep it going regularly.  
Setting short and long-term goals, and rewarding yourself when you reach them, can help you to 
remain active.  Some people find it useful to use the “SMART” method to set goals.  SMART goals 
stands for: 
 Specific – What exactly do you want to achieve? 
 Measurable – How many minutes or days? Or how many times per week? 
 Achievable – Is your body capable of achieving your goal? 
 Realistic – Does your goal realistically fit into your lifestyle? 
 Time frame – In what time frame do you want to achieve your goal? 
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My short-term goal 
Write a short-term goal that you would like to work towards.  For example, write down the physical 
activity you would like to do this week. 
 
I will start to be active on ………………………………………………………... 
I will …………………………... (type of physical activity) for ………….. minutes, 
………… times a week.  If I do this for ……………weeks, I will reward myself by  
…………………………………………………………………………………….. 
 
For example, “I will start to be active on Tuesday. I will go walking in the local park for 30 
minutes, five times a week.  If I do this for five weeks, I will reward myself by getting a massage!”   
 
 
 My long-term goal 
Write a long-term goal that you would like to work towards.  For example, what long-term benefit 
you would like to achieve from being physically active, and when you would like to achieve it by. 
 
I would like to …………………………………….. by …………………………….. 
 
My reward will be …………………………………………………………………… 
 
For example, “I would like to play backyard cricket with my grandchildren before Christmas this 
year.  If I manage to do this, I will reward myself by booking a weekend trip away”. 
(Hayes 2007) 
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What are the main recommendations? 
Here is a summary of physical activity recommendations: 
 
 Keep as active as possible.  
 Low to moderate intensity. 
 30 minutes of physical activity per 
day, most days of the week. 
 Start slowly and gradually build up to 
the recommended level. 
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What are some suggested exercises to try out? 
The following are some suggested exercises to try out.  Please check with your physiotherapist prior 
to starting these exercises.  Ring Jared Bruning at The Prince Charles Hospital on 3139-5644 or 
Rita Hwang at the Princess Alexandra Hospital on 3176-2111 pager 1415. 
  
Type of activity / exercise How to do it Time (how 
long) 
Intensity (how 
hard ) 
Warm-up 
 
 March on spot. 
 Arm stretches. 
 Leg stretches. 
  
Walk 
 
 
 Flat  
 
 
 
 
 
 
.…. minutes  
….. times per 
day. 
Light to 
moderate 
intensity 
Seated knee extension 
 
 
 
 
 
 
 
 
 Straighten your left leg 
as much as possible. 
 Hold it for 5 seconds. 
 Repeat on the right leg. 
 
 
 
 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding …….. 
kg weights 
Sit to stand 
 
 
 
 
 
 
 
 
 
 Stand up tall. 
 Lift head up. 
 Do it slowly. 
 
 
 
 
 
 
 
…. . sets of 
…… reps  
 
 
Progress by 
lowering the 
chair height or 
adding …… kg 
weights 
182 
Type of activity / exercise How to do it Time (how 
long) 
Intensity (how 
hard ) 
Half squats 
 
 
 
 
 
 
 
 
 
 
 Stand holding onto the 
back of a sturdy chair or 
kitchen bench. 
 Stand far enough back 
from the chair to allow 
your knees to bend. 
 Squat down half way, 
keeping your back 
straight.  
 Hold it for 5 seconds. 
 Slowly rise up. 
 
 
…. . sets of 
…… reps  
 
 
Progress by 
holding it for 
….. seconds 
Heel raises 
 
 Hold onto kitchen 
bench. 
 Stand straight and tall.  
 Raise your heels as high 
off the ground as you 
can. 
 Hold for 5 seconds. 
 Slowly return to feet flat 
on the ground. 
 
 
…. . sets of 
…… reps  
 
Progress by 
holding it for 
….. seconds 
Side leg raises 
 
 Hold onto kitchen bench 
or stable surface.  
 Stand straight and tall.  
Keep your tummy in. 
 Lift your right leg out to 
the side. 
 Hold for 5 seconds. 
 Don’t lean to the side. 
 Repeat on the left leg. 
 
 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding …….. 
kg weights 
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Type of activity / exercise How to do it Time (how 
long) 
Intensity (how 
hard ) 
Back leg raises  
 
 Hold onto kitchen 
bench.  
 Keep your knee straight 
and bring your right leg 
out behind you. 
 Hold for 5 seconds. 
 Make sure your foot 
clears the floor. 
 Don’t lean forwards. 
 Repeat on the left leg. 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding …….. 
kg weights 
Hamstring curls 
 
 Hold onto kitchen 
bench. 
 Stand straight and tall. 
 Bend your left knee 
towards your bottom. 
 Hold for 5 seconds. 
 Repeat on the right leg. 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding …….. 
kg weights 
Theraband leg exercises 
 
 
 Stand next to kitchen 
bench. 
 Loop band around your 
right ankle. 
 Stand on both pieces 
with your left foot. 
 Hold ends in left hand 
and stabilise by the 
kitchen bench.  
 Lift right leg backwards, 
forwards and out to the 
right against resistance. 
 Repeat on the left leg. 
 
 
…. . sets of 
…… reps  
 
Progress by 
changing 
theraband 
strength 
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Type of activity / exercise How to do it Time (how 
long) 
Intensity (how 
hard ) 
Biceps curls  Hold onto a small 
weight (water bottle or 
dumbbell). 
 Bend your elbow. 
 Slowly lower your arm 
down. 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding ……… 
kg weights  
Rowing 
 
 Hold your hands at your 
shoulders and push 
forwards and back. 
 Keep your arms at 
shoulder height 
throughout. 
 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding ……… 
kg weights 
Military press 
 
 Hold your hands on 
your chest with arm 
weights in your hands. 
 Alternating arms lift the 
weights from your chest 
straight up and bring 
back down. 
 
 
…. . sets of 
…… reps  
 
Progress by 
adding ……… 
kg weights 
Wall push-up 
 
 
 
 
 
 
 
 
 
 Stand at arms length 
from the wall with feet 
shoulder width apart.   
 Place hands on wall.  
 Gently lean your body 
towards the wall 
bending elbows slightly. 
 Push back until your 
elbows are straight. 
 
 
…. . sets of 
…… reps  
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Type of activity / exercise How to do it Time (how 
long) 
Intensity (how 
hard ) 
Theraband arm exercises 
 
 
 Hold band with left 
hand and stabilise 
against your hips 
 Grasp band in front of 
chest with right hand  
 Pull with right hand up 
and out 
 Repeat with left hand 
 
 
…. . sets of 
…… reps  
 
Progress by 
changing 
theraband 
strength 
  
 
 
 
 
 
 
  
  
 
 
 
 
 
 
  
Cool-down 
 
 
 March on spot. 
 Arm stretches. 
 Leg stretches. 
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Physical activity diary 
Below is an example of a physical activity diary.  Feel free to use this as a template or make copies 
directly.  Fill in the relevant columns to record your physical activity levels. 
 
Day Type Time Intensity Symptoms 
Example Walking 30 minutes Moderate  Short of breath 
Monday 
 
 
 
 
 
   
Tuesday 
 
 
 
 
 
   
Wednesday  
 
 
   
Thursday 
 
 
 
 
 
   
Friday 
 
 
 
 
   
Saturday 
 
 
 
 
   
Sunday 
 
 
 
 
   
 
(Breast Cancer Network Australia 2012) 
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9.5 Additional data on the timed up and go test study 
Table 9-1.  Raw scores for the timed up and go test (TUGT) study 
 Exercise intervention group 
(n=136) 
 Control group 
(n=132) 
Total 
(n=268) 
TUGT1 (seconds), mean (SD)* 10.45 (5.26) 9.93 (3.76) 10.19 (4.58) 
TUGT2 (seconds), mean (SD)* 9.88 (4.87) 9.69 (3.95) 9.78 (4.43) 
*Based on untransformed data with inclusion of outliers. 
 
 
Figure 9-1.  Relationship between the timed up and go test and other variables 
Relationship between the TUGT and 6MWD* 
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Relationship between the TUGT and 10 metre walk test (comfortable pace)*  
 
*Based on untransformed baseline data with inclusion of outliers. 
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9.6 Normative values 
Table 9-2.  Normative data for distance on the 6 minute walk test (6MWT) 
Age categories Males Females 
≥ 60 years 524 (496 to 553) 475 (448 to 503) 
60 to 69 years 560 (511 to 609) 505 (460 to 549) 
70 to 79 years 530 (482 to 578) 490 (442 to 538) 
80 to 89 years 446 (385 to 507) 382 (316 to 449) 
All ages 499 (480 to 519) 
Based on a meta-analysis of 13 studies with a total of 4,809 healthy older patients (Bohannon, 
2007).  Values presented as mean distance (95% confidence intervals) in metres.  
 
 
Table 9-3.  Normative data for the timed up and go test (TUGT) 
Age categories Males# Females# Males and females^ 
60 to 69 years 8 (7 to 8) 8 (7 to 9) 8.1 (7.1 to 9) 
70 to 79 years 9 ( 7 to 11) 9 (8 to 10) 9.2 (8.2 to 10.2) 
80 to 89 years 10 (9 to 11) 11 (9 to 12) 11.3 (10 to 12.7) 
All   9.4 (8.9 to 9.9) 
#Based on a sample of community-dwelling older adults (Steffen et al., 2002).  Values presented as 
mean time (95% confidence intervals) in seconds. 
 
^Based on a meta-analysis of 21 studies with a total of 4,395 healthy older adults (Bohannon, 2006).  
Values presented as mean time (95% confidence interval) in seconds. 
 
 
Table 9-4.  Normative data for the grip strength test 
Age categories Males Females 
Left Right Left Right 
20 to 24 years 47.4  
(38.8 to 56.1) 
53.3  
(45.2 to 61.5) 
27.9 
(23.1 to 32.6) 
30.6  
(26.7 to 34.4) 
25 to 29 years 50.0  
(41.1 to 58.9) 
53.9  
(44.3 to 63.6) 
30.8 
(27.2 to 34.5) 
33.8 
(29.5 to 38.1) 
30 to 34 years 49.2  52.8  31.8 33.8 
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Age categories Males Females 
Left Right Left Right 
(40.4 to 57.9) (44.1 to 61.5) (29 to 34.4) (28.9 to 38.6) 
35 to 39 years 51.6 
(44 to 59.3) 
53.3 
(44 to 62.6) 
30.2 
(25.8 to 34.5) 
33.2 
(28.6 to 37.8) 
40 to 44 years 49.8 
(42.5 to 57.1) 
54.1 
(47.1 to 61.2) 
29.3 
(24.5 to 34) 
32.8 
(28 to 37.6) 
45 to 49 years 48.7 
(40.3 to 57.2) 
50.4 
(42.5 to 58.3) 
30.8 
(25.8 to 35.7) 
33.9 
(28.9 to 39) 
50 to 54 years 45.2  
(39.4 to 51.1) 
50.6 
(44.2 to 56.9) 
28.8 
(24 to 33.5) 
30.9 
(26.7 to 35.2) 
55 to 59 years 41  
(33.7 to 48.4) 
44.1 
(36.7 to 51.4) 
27.2 
(24.6 to 29.5) 
29.9 
(26.4 to 33.6) 
60 to 64 years 38.7 
(33.4 to 44) 
41.7 
(36.8 to 46.7) 
23 
(18.6 to 27.3) 
25.9 
(22.2 to 29.6) 
65 to 69 years 38.2 
(32 to 44.4) 
41.7  
(35.4 to 47.9) 
22.9 
(19.6 to 26.2) 
25.6 
(22.5 to 28.8) 
70 to 74 years 36.2 
(30.3 to 42.1) 
38.2 
(32 to 44.5) 
22.5 
(19.1 to 25.8) 
24.2 
(20.7 to 27.8) 
75+ years 29.8 
(24.8 to 34.7) 
28 
(12.7 to 31) 
16.4 
(14.7 to 18.1) 
18 
(16 to 19.9) 
Based on a meta-analysis of 12 studies with a total of 3,317 healthy patients (Bohannon et al., 
2006).  Values presented as mean grip strength (95% confidence intervals) as measured by Jamar 
dynamometer in kilograms. 
 
 
193 
9.7 Interview guide 
Site:  A   B 
Subject number:  
Date:  .  .  
Please print all details, and INITIAL and DATE all corrections, indicate  where applicable.  
 
Pre-interview 
1.  Welcome and thank you for participating.   
 
2.  Ensure confidentiality.        
 
3.  Consent to audio recording. 
“In order to help me remember everything we talk about today, would you be happy for me to 
record our discussion?” 
 
4.  Explain purpose of the interview.    
“The purpose of the study is to find out how people with heart failure feel about exercise, and 
especially about exercise in telerehabilitation programs, which are delivered over video-link 
into your own home.  As you are someone who has been a part of the telerehabilitation 
program, you have been invited to describe your thoughts and feelings about this program.  In 
particular, I’m interested in hearing about things you liked about the program and the things 
you didn’t like, or were worried about the program, so I will be asking you some questions on 
these topics. 
 
There are no right or wrong answers; all of your personal experiences and thoughts are equally 
important.  In addition to recording the interview, I will also take some notes along the way if 
that is OK with you?  Over the next few weeks, I will write down our discussion from the audio 
recording and from my notes, and you are welcome to see a copy of this document if you like. 
 
Do you have any questions before we start?” 
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Interview             
1. Can we start by talking how you feel about exercise in general?     
Probes: Previously exercised regularly? Concerns specific to heart failure? 
 
2. Prior to the telerehabilitation program, how do you feel about using technology such as 
computers?  
 
3. When you were first invited to participate in the telerehabilitation program, how did you 
feel about this? 
Probes: Impression of what the programme would include or be like. 
 
4. Since doing the telerehabilitation program, has your impression about the program change 
over time? 
Probes: If so, why do you think this has changed?  Were fears/expectations realised? 
 
5. How does the telerehabilitation program impact on your family? 
 
6. What did you like about the telerehabilitation program?     
 
7. What didn’t you like about the telerehabilitation program?     
 
8. Thinking about exercise via video-link at home, compared with face-to-face exercise in the 
hospital, do you think one has advantages over the other?  If so, what are the advantages? 
 
9. What do you think about the telerehabilitation program for someone living in rural or 
remote areas (where there is no access to face-to-face heart failure exercise programs)?  
 
10. Since finishing the program, have you kept exercising? 
 Yes. Please specify how often and how much: 
 No. Why not:     
 
11. What suggestions do you have for improving the telerehabilitation program? 
 Probes: Service improvement suggestions. Technology improvement suggestions. 
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12. What advice would you give to other people who are considering participation in the 
telerehabilitation program? 
 
13. Is there anything else that you’d like to say or add? 
 
Clarifying questions           
1. How do you mean?     
 
2. Could you say some more about that?  
 
3. To summarise things you have told me….. 
 
 
 
 
Name: _____________ Designation: ________ Signature: _______________Date: ___ / ___ / ____  
 
 
